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Design and reality. Intel LS/ 
circuits are designed using computer techniques. The 
CRT image of a small portion of a memory circuit is shown on the right, a 
photomicrograph of that portion of the actual device, magnified over 1,000 times, on the left. | 
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Intel was organized in 1968 to utilize the rapidly expanding technology of Integrated i 


Electronics. During its brief history, Intel has become the world’s largest supplier of MOS 
circuits, and is in the top ten of the world’s producers of all semiconductor devices. 


This Component Data Catalog provides complete specifications on most of Intel standard 
memory, microprocessor, peripheral and telecommunication components. Margin tabs provide 
quick guides to major product categories; indexes located in Section 1 and at the beginning of 
each section allow location of specific circuit types. Ordering, packaging, and product flow 
information may be found in Section 2. 


The following are trademarks of Intel Corporation: ICE-30, ICE-41, ICE-48, |CE-80, ICE-85, 
INSITE, INTEL, INTELLEC, LIBRARY MANAGER, MCS, MEGACHASSIS, MICROMAP, PROMPT. 
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Intel Corporation . 

3065 Bowers Avenue + Santa Clara, CA 95051 
Telephone: (408) 987-8080 

TWX: 910-338-0026 « Telex: 34-6372 
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Numerical and 
Functional Indexes 


General Information 


Random Access 
Memory 


Read Only Memory 


Serial Memory 


Memory Support 


Telecom 


Series 3000 Bipolar 
Microprocessor 


MCS-4/40™ 
Microprocessor 


MCS-48"™ 
Microcomputers 


MCS-80/85 ™ 
Microprocessors 


Microprocessor 
Peripherals 


Microcomputer 
Support Systems 
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12 
13 


Military Products 1 fi 


MCS-80/85 MCS-48 MCS-4/40 SERIES TELECOM 
3000 
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MILITARY 
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Numerical 
and Functional 
Indexes 


FUNCTIONAL INDEX 


GENERAL INFORMATION 


Table of Contents 
Ordering Information 
Packaging Information 
Standard Product Flow 
Intel Technical Library 
System Sales Offices 
Component Sales Offices 


RANDOM ACCESS MEMORIES 


SELECTOR GUIDE 


1101A 
1103 
1103A 


2101A/8101A-4 
2102A/2102AL 


8102A-4 
M2102A-4 


2104A 

(S Version) 
2104A Family 
2104A 
2107A 
2107B 
2107C Family 
2108 
2109 Family 


2111A/8111A-4 


M2111A 


2112A 

2114 

M2114 

2115A/2125A 
Family 

M2115A/ 


256 x 1-Bit Static MOS RAM 
1024 x 1-Bit Dynamic RAM 
1024 x 1-Bit Dynamic RAM 
256 x 4-Bit Static RAM 


1K x 1-Bit Static RAM 
1K x 1-Bit Static RAM 
(-55°C to +125°C) 


4096 x 1-Bit Dynamic RAM 
4096 x 1-Bit Dynamic RAM 
4096 x 1-Bit Dynamic RAM 
4096 x 1-Bit Dynamic RAM 

4096 x 1-Bit Dynamic RAM 

4096 x 1-Bit Dynamic RAM 

8192 x 1-Bit Dynamic RAM 

8192 x 1-Bit Dynamic RAM 

206 x 4-Bit Static RAM 

256 x 4-Bit Fully Decoded Static 
RAM (-55°C to +125°C) 

256 x 4-Bit Static RAM 

1024 x 4-Bit Static RAM 

1024 x 4-Bit Static RAM (-55°C to +125°C) 


High Speed 1K x 1-Bit Static RAM 
High Speed 1K x 1-Bit Static RAM 


M2125A Family (-55°C to +125°C) 


2116 Family 
2117 Family 
2125A 

2141 

2142 

M2142 

2147 

2185 
3101/3101A 
3104 

5101 Family 
M5101 


8101A-4 
8102A-4 
M8102A-4 
8111A-4 
M8111A 


16,384 x 1-Bit Dynamic RAM 

16,384 x 1-Bit Dynamic RAM 

See 2115A. 

4096 x 1-Bit Static RAM 

1024 x 4-Bit Static RAM 

1024 x 4-Bit Static RAM (-55°C to + 125°C) 
4096 x 1-Bit Static RAM 

1024 x 8-Bit Static RAM 

16 x 4-Bit High Speed RAM 

16-Bit Content Addressable Memory 
256 x 4-Bit Static CMOS RAM 

256 x 4-Bit Static CMOS RAM 

(-55°C to +125°C) 

See 2101A. 

See 2102A. 

1024-Bit Fully Decoded Static RAM 
See 2111A. 

256 x 4-Bit Fully Decoded Static RAM 


3-85 


PROGRAMMABLE READ ONLY MEMORIES/ 
READ ONLY MEMORIES 


SELECTOR GUIDE 


BIPOLAR CROSS REFERENCE 


1302 


1702A 
M1702A 


1702AL 
4702A 
2308/8308 


2316A/4316A/ 


8316A 
2316E 
M2316E 
2316AL 


2332 
2364 
2608 
2616 
2704 
2708/8708 
M2708 
2716 
M2716 
2732 
2/758 
3601/3621 
3602A /3622A 
Family 
3604A /3624A 
Family 
M3604A / 
M3624A 
3605/3625 
3608/3628 
3621 
3622A 
3624A 
M3624A 
3625 
3628 
4316A 
8308 
8316A 
M8702A 


8708 
M8708 


Custom Mask Programmable 
2048-Bit Static ROM 

2K (256 x 8) UV Erasable PROM 
2K (256 x 8) UV Erasable PROM 
(-55°C to +100°C) 

2K UV Erasable Low Power PROM 
2K UV Erasable PROM 

8K (1K x 8) ROM 


16K (2K x 8) ROM 

16K (2K x 8) ROM 

16K (2K x 8) ROM 

Low Power 16,384-Bit Mask 
Programmable ROM 

32K (4K x 8) ROM 

64K (8K x 8) ROM 

8K Factory Programmable PROM 

16K Factory Programmable PROM 

512 x 8 EPROM 

8K and 4K UV Erasable PROM 

8K UV Erasable PROM (-55°C to +100°C) 
16K UV Erasable PROM 

16K UV Erasable PROM (-55°C to +100°C) 
32K UV Erasable PROM 

8K Low Power Erasable PROM 

256 x 4 High Speed PROM 


2K High Speed PROM 
4K High Speed PROM 


4K High Speed PROM (-55°C to +125°C) 
4K (1K x 4) PROM 

8K Bipolar PROM 

See 3601. 

See 3602A. 

See 3604A. 

See M3604A. 

See 3605. 

See 3608. 

See 2316A. 

See 2308. 

See 2316A. 

UV Erasable and Electrically 
Programmable 2048-Bit PROM 
See 2708. 

UV Erasable and Electrically 
Programmable 8096-Bit PROM 


PROM AND ROM PROGRAMMING INSTRUCTIONS 
SERIAL MEMORY 
SELECTOR GUIDE 


1402A 


Quad 256-Bit Dynamic Shift Register 


*For specifications contact Intel Literature Department, 3065 Bowers Avenue, Santa Clara, California 95051. 


FUNCTIONAL INDEX 


1403A Dual 512-Bit Dynamic Shift Register ‘ MCS-80/85™ 
1404A 1024-Bit Dynamic Shift Register . a 
1405A Dynamic Recirculating Shift Register * | 8008/8008-1  8-Bit Microprocessor 11-5 
2401/2405 2048/1024-Bit Dynamic Recirculating 8080A/8080A-1/ Single-Chip 8-Bit N-Channel 
Shift Registers 5.3 8080A-2 Microprocessor 11-11 
9416 16K-Bit CCD Serial Memory * M8080A Single-Chip 8-Bit N-Channel . 
2464 64K-Bit CCD Serial Memory 5-7 Microprocessor | 11-19 
8224 Clock Generator and Driver for 8080ACPU 11-24 
MEMORY SUPPORT M8224 Clock Generator and Driver for 8080ACPU 11-28 
8801 Clock Generator Crystal for 8224/8080A 11-32 
asa aan ; 6-2 8228/8238 System Controller and Bus Driver for 
inary Decoder and 6-Bit Latch 6-3 
3207A Quad Bipolar-to-MOS Level caper ) —_ 
Shiftar and Driver 6-7 M8228 System Controller and Bus Driver for 
3207A-1 Quad Bipolar-to-MOS Level Leauge tie ie 
8085A Single-Chip 8-Bit N-Channel 
Srey ale SUT ae Microprocessor 11-43 
3208A/3408A — Hex Sense Amplifier 6-13 | gogsn-o Single-Chip 8-Bit N-Channel 
3222 Refresh Controller 6-19 Microprocessor 44-57 
oe aeerees MUP exer and Retresh ounver 62> | 8155/8156» 2048-Bit Static MOS RAM with 1/0 
ress Multiplexer and Refresh Counter 6-29 arte and Timor 11-63 
=n oe os | 8185 1024 x 8-Bit Static RAM for MCS-85/48™ 11-76 
3408A See 3008A 6-13 8355 16,384-Bit ROM with 1/0 Ports 11-77 
5935 Quad TTL-MOS Driver 6-37 8755A 16,384-Bit EPROM with 1/0 Ports 11-84 
TELECOMMUNICATIONS Pen EDA 
8041/8741 Universal Peripheral Interface 8-Bit 
2910 PCM CODEC u-Law 7-3 Microcomputer 12-3 
2911 PCM CODEC A-Law “14 | 9005 High-Speed 1 Out of 8 Binary Decoder 12-11 
8212/3212 8-Bit Input/Output Port 12-17 
SERIES 3000 BIPOLAR MICROPROCESSORT M8212/M3212 —_8-Bit Input/Output Port 12-26 
' 8214/3214 Priority Interrupt Control Unit 12-31 
nee ee ee 7 Ma214/M3214 Priority Interrupt Control Unit 12-35 
ne oo. ior | 3216/3226 -4-Bit Parallel Bi-directional Bus Driver 12-38 
3944 See 8214/3214. 12-31 M8216/M3216 4-Bit Parallel Bi-directional Bus Driver 12-43 
3°16 See 8216/3216. 42-38 ae lhl ret pang fee are 
; bl teeo ; rogrammable Communication Interface - 
ai EE SGI ea aber aaah 12-38 | 9953/8253-5 Programmable Interface Timer 12-65 
: ™ 8255A/8255A-5 Programmable Peripheral Interface 12-76 
MLSS MICRO AUG ES SORT M8255A Programmable Peripheral Interface 12-95 
4040 Single Chip 4-Bit P-Channel 8257/8257-5 Programmable DMA Controller 12-98 
Microprocessor 9-3 8259/ 8259-5 Programmable Interrupt Controller 12-111 
4004 Single-Chip 4-Bit P-Channel 8271 Programmable Floppy Disk Controller 12-123 
Microprocessor 9-4 8273 Programmable Protocol Controller 12-142 
4003 10-Bit Shift Register/Output Expander 9-5 | 8275 Programmable CRT Controller 12-165 
4265 Programmable General Purpose 8278 Programmable Keyboard Interface 12-188 
1/0 Device 9-6 8279/8279-5 Programmable Keyboard Display 
4269 Programmable Keyboard Display Device 9-7 Interface 12-198 
401A Clock Generator 9-8 8294 Data Encryption Unit 12-209 
4008/4009 Standing Memory and 1/0 Interface Set 9-9 8741 See 8041/8741. 12-3 
4289 Standard Memory Interface 9-10 
4002 320-Bit RAM and 4-Bit Output Port 9-11 | MICROCOMPUTER DEVELOPMENT SYSTEMS 
4001 206 x 8 Mask Programmable ROM 9-12 INTELLEC® SERIES II 
4308 1024 x 8 Mask Programmable ROM 214 | Model 210 Intellec® Series I! Microcomputer 
MCS-48™ Development System 13-3 
Model 220 Intellec® Series || Microcomputer 
8021 Single Component 8-Bit Microcomputer 10-4 Development System 13-6 
8048/8748/8035 Single Component 8-Bit Microcomputer 10-10 Model 230 Intellec® Series Il Microcomputer 
8748-4/8035-4 Single Component 8-Bit Microcomputer 10-18 Development System 13-10 
8049/8039 Single Component 8-Bit Microcomputer 10-23 Expansion Intellec® Series || Microcomputer 
8243 MCS-48™ Input/Output Expander 10-28 Chassis Development System 13-13 


“For specifications contact Intel Literature Department, 3065 Bowers Avenue, Santa Clara, California 95051. 
+These are partial specifications. For complete specifications contact Intel Literature Department, 3065 Bowers Avenue, Santa Clara, California 95051. 
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FUNCTIONAL INDEX 


Model 210 Enhancement Kit Intellec® Series II MILITARY PRODUCTS MANUFACTURING FLOW 
Microcomputer Development System 13-15 M1702A 2K (256 x 8) UV Erasable PROM 
Model 770 Printer Intellec® Series II M2102A-4 1024-Bit Fully Decoded Static RAM 3-34 
Microcomputer Development System 13-16 M2111A 256 x 4-Bit Fully Decoded Static RAM . 
System Intellec® Series Il Microcomputer M2114 1024 x 4-Bit Static RAM 3-98 
Monitor Development System 13-18 M2115A/M2125A 
ROM Editor/ Intellec® Series Il Microcomputer Family High-Speed 1K x 1-Bit Static RAM 3-104 
Assembler Development System 13-20 M2142 1024 x 4-Bit Static RAM 3-137 
ISIS-II Diskette Operating System M2316E 16K (2K x 8) ROM 4-28 
Microcomputer Development System 13-21 M2708 8K (1K x 8) UV Erasable PROM 4-4] 
PL/M-80 High Level Programming Language M2716 16K (2K x 8) UV Erasable PROM 4-49 
Intellec® Resident Compiler 13-24 M3001 Microprogram Control Unit : 
FORTRAN-80 8080/8085 ANS FORTRAN 77 M3002 Central Processing Element . 
Intellec® Resident Compiler 13-27 M3003 Look-Ahead Carry Unit 7 
MCS-48™ Diskette-Based Software Support M3212 See M8212. 12-26 
Package 13-31 M3214 Interrupt Control Unit 12-35 
Intellec® PROMPT-48™, MCS-48™ Microcomputer M3216 Non-Inverting Bi-directional Bus Driver 12-43 
Design Aid 13-34 M3226 Inverting Bi-directional Bus Driver ° 
Intellec® PROMPT-80/85™, 8080/8085 M3604A/ 
ICE-30™ 3001 MCU In-Circuit Emulator 13-44 | M5101-4/ 
ICE-41™ UPI-41™ In-Circuit Emulator 13-47 M5101L-4 256 x 4-Bit Static CMOS RAM 3-157 
ICE-48™ MCS-48™ In-Circuit Emulator 13-49 | M8080A Single Chip 8-Bit N-Channel 
MDS-EMI 8021 Emulator Board 13-54 Microprocessor 11-19 
ICE-80™ 8080 In-Circuit Emulator 13-57 M8102A-4 1024-Bit Fully Decoded Static RAM : 
ICE-85™ MCS-85™ In-Circuit Emulator 13-63 M8111A 256 x 4-Bit Fully Decoded Static RAM * 
Insite™ User’s Program Library 13-67 M8212 8-Bit Input/Output Port 12-26 
UPP-103 Universal PROM Programmer 13-71 | M8214 Interrupt Control Unit | 12-35 
Intellec® High-Speed Paper Tape Reader 13-73 M8216 Non-Inverting Bi-directional Bus Driver 12-43 
SDK-85 MCS-85™ System Design Kit 13-75 M8224 Clock Generator/Driver (for 8080A) 11-28 
M8226 Inverting Bi-directional Bus Driver . 
TEST AND INSTRUMENTATION SYSTEMS ee a oy 
. rogrammable Communications 
u-Scope™ 820 Microprocessor System Console 13-80 Interface 12-62 
u-Scope™ Probe 8080A 13-84 | g255A Programmable Peripheral Interface 12-95 
Microcomputer Training Programs 13-86 M8702A UV Erasable and Electrically 
Programmable 2048-Bit PROM 
MILITARY PRODUCTS | M8708 UV Erasable and Electrically 
PROGRAM DESCRIPTION 14-2 Programmable 8096-Bit PROM * 


INTEL MILITARY PRODUCTS 14-2 


“For specifications contact Intel Literature Department, 3065 Bowers Avenue, Santa Clara, California 95051. 
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NUMERICAL INDEX 


1101A 
1103 
1103A 
1302 


1402A 
1403A 
1404A 
1405A 
1702A 
M1702A 
1702AL 


2101A/8101A-4 
2102A/2102AL/ 


8102A-4 
M2102A-4 
2104A 

(S Version) 
2104A Family 
2104A 
2107A 
2107B 
2107C Family 
2108-2/2108-4 
2109 Family 


2111A/8111A-4 


2112A 

2114 

M2114 

2115A/2125A 
Family 


M2115A/M2125A 


Family 
2116 Family 
2117 Family 
2125A 
2141 
2142 
M2142 
2147 
2185 
2308/8308 
2316A/4316A 

8316A 
2316E 
M2316E 
2302 
2364 
2401/2405 


2416 

2464 

2608 

2616 

2704 
2708/8708 
M2708 
2716 


256 x 1 Static MOS RAM 

1024 x 1-Bit Dynamic RAM 

1024 x 1-Bit Dynamic RAM 

Custom Mask Programmable 2048-Bit 
Static ROM 

Quad 256-Bit Dynamic Shift Register 
Dual 512-Bit Dynamic Shift Register 
1024-Bit Dynamic Shift Register 
Dynamic Recirculating Shift Register 
2K (256 x 8) UV Erasable PROM 

2K (256 x 8) UV Erasable PROM 

2K (256 x 8) UV Erasable PROM 

256 x 4-Bit Static RAM 


1K x 1-Bit Static RAM 
1K x 1-Bit Static RAM 


4096 x 1-Bit Dynamic RAM 
4096 x 1-Bit Dynamic RAM 
4096 x 1-Bit Dynamic RAM 
4096 x 1-Bit Dynamic MOS RAM 
4096 x 1-Bit Dynamic MOS RAM 
4096-Bit Dynamic RAM 

8192 x 1-Bit Dynamic RAM 
8192 x 1-Bit Dynamic RAM 

256 x 4-Bit Static RAM 

256 x 4-Bit Static RAM 

1024 x 4-Bit Static RAM 

1024 x 4-Bit Static RAM 


High-Speed 1K x 1-Bit Static RAM 


High-Speed 1K x 1-Bit Static RAM 
16,384 x 1-Bit Dynamic RAM 
16,384 x 1-Bit Dynamic RAM 

See 2115A. 

4096 x 1-Bit Static RAM 

1024 x 4-Bit Static RAM 

1024 x 4-Bit Static RAM 

4096 x 1-Bit Static RAM 

1024 x 8-Bit Static RAM 

8K (1K x 8) ROM 


16K (2K x 8) ROM 

16K (2K x 8) ROM 

16K (2K x 8) ROM 

32K (4K x 8) ROM 

64K (4K x 8) Bit ROM 

2048/1024-Bit Dynamic Recirculating 
Shift Register 

CCD Serial Memory 

65,536-Bit CCD Serial Memory 

8K (1K x 8) Factory Programmable PROM 
16K (2K x 8) Factory Programmable PROM 
512 x 8 EPROM 

8K and 4K UV Erasable PROM 

8K (1K x 8) UV Erasable PROM 

16K (2K x 8) UV Erasable PROM 


M2716 
2732 

2758 

2910 

2911 

3001 
M3001 
3002 
M3002 
3003 
M3003 
3101/3101A 
3104 
3205/3404 


3207A 
3208A/3408A 


3212 
M3212 


3408A 
3601/3621 
3602A /3622A 
Family 
3604A/3624A 
Family 


16K (2K x 8) UV Erasable PROM 

32K (4K x 8) UV Erasable PROM 

8K (1K x 8) UV Erasable Low Power PROM 
PCM CODEC — uLaw 

PCM CODEC — A Law 
Microprogram Control Unit 
Microprogram Control Unit 

Central Processing Element 

Central Processing Element 
Look-Ahead Carry Generator 
Look-Ahead Carry Generator 

16 x 4-Bit High-Speed RAM 

16-Bit Content Addressable Memory 
3205 High-Speed 1-out-of-8 Binary 
Decoder 3404 High-Speed 8-Bit Latch 
Quad Bipolar-To-MOS Level Shifter 
and Driver 

Hex Bipolar Sense Amplifiers for 
MOS Circuits 

See 8212. 

See M8212. 

Interrupt Control Unit 

Interrupt Control Unit 

Parallel Bi-directional Bus Driver 
Parallel Bi-directional Bus Driver 
Refresh Controller for 4K Dynamic RAMs 
Parallel Bi-directional Bus Driver 
Parallel Bi-directional Bus Driver 
Address Multiplexer and Refresh 
Counter for 4K Dynamic RAMs 
Address Multiplexer and Refresh 
Counter for 16K Dynamic RAMs 
Quad TTL-to-MOS Driver for 4K 
N-Channel MOS RAMs 

See 3205. 

See 3208A. 

256 x 4-Bit High-Speed PROM 


2K (512 x 4) High-Speed PROM 


4K (512 x 8) High-Speed PROM 


M3604A/M3624A 4K (512 x 8) High-Speed PROM 


3605/3625 
3608/3628 


4008/4009 
4040 


( 

( 
4K (1K x 4) PROM 
8K (1K x 8) Bipolar PROM 
See 3601. 
See 3602A. 
See 3604A. 
See 3605. 
See 3608. 
256 x 8 Mask Programmable ROM and 
4-Bit 1/0 Port 
320-Bit RAM and 4-Bit Output Port 
10-Bit Shift Register/Output Expander 
Single Chip 4-Bit P-Channel 
Microprocessor 
Standard Memory and |/0 Interface Set 
Single Chip 4-Bit P-Channel 
Microprocessor 


*For specifications contact Intel Literature Department, 3065 Bowers Avenue, Santa Clara, California 95051. 
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6-13 
12-17 
12-26 
12-31 
12-35 
12-38 
12-43 

6-19 
12-38 


NUMERICAL INDEX 


4201A 
4265 


4269 
4289 
4308 


4316A 

4702A 

5101 Family 

M5101-4/ 
M5101L-4 

5235/5235-1 


9244 

8008 /8008-1 
8021 

8035 

8039 
8041/8741 


8048/8748/8035 
8049/8039 
8080A/8080A-1/ 
8080A-2 
M8080A 


8085A 
8085A-2 


8101A-4 
8102A-4 
8111A-4 
8155/8156 


8185 

8205 

8212/3212 

M8212/M3212 

8214/3214 

M8214/M3214 

8216/8226, 
3216/3226 

M8216/M3216 

8224 

M8224 

8226 

8228/8238 


M8228 


8243 

8251A 

M8251A 
8253/8253-5 
8255A/8255A-5 
M8255A 
8257/8257-5 
8259/8259-5 


Clock Generator 9-8 
Programmable General Purpose 
1/0 Device 9-6 


Programmable Keyboard Display Device 9-7 


Standard Memory Interface 9-10 
1024 x 8-Bit Mask Programmable ROM 

and Four 4-Bit 1/0 Ports 9-14 
See 2316A. ) 4-22 
2K (256 x 8) UV Erasable PROM 4-14 
256 x 4-Bit Static CMOS RAM 3-153 
256 x 4-Bit Static CMOS RAM 3-157 
Quad TTL-to-MOS Driver for 4K 

N-Channel MOS RAMs 6-37 
Quad CCD Driver . 
8-Bit Microprocessor 11-5 
Single Component 8-Bit Microcomputer 10-4 
See 8048. See also 8748. 10-10, 18 
See 8049. 10-23 
Universal Peripheral Interface 8-Bit 
Microcomputer 12-3 
Single Component 8-Bit Microcomputer 10-10 
Single Component 8-Bit Microcomputer 10-23 
Single Chip 8-Bit N-Channel 

Microprocessor 11-11 
Single Chip 8-Bit N-Channel 

Microprocessor 11-19 
Single Chip 8-Bit N-Channel 

Microprocessor 11-43 
Single Chip 8-Bit N-Channel 

Microprocessor 11-57 
See 2101A. 3-26 
See 2102A. 3-30 
See 2111A. 3-85 
2048 8-Bit Static MOS RAM with 1/0 

Ports and Timer 11-63 
1024 x 8-Bit Static RAM for MCS-85/48 ~—- 11-76 
High-Speed 1-out-of-8 Binary Decoder 12-11 
8-Bit Input/Output Port 12-17 
8-Bit Input/Output Port 12-26 
Priority Interrupt Control Unit 12-31 
Priority Interrupt Control Unit 12-35 
4-Bit Parallel Bi-directional Bus Driver 12-38 
4-Bit Parallel Bi-directional Bus Driver 12-43 
Clock Generator and Driver for 8080A CPU 11-24 
Clock Generator and Driver for 8080ACPU 11-28 
See 8216. 

System Controller and Bus Driver for 

8080A CPU 11-34 
System Controller and Bus Driver for 

M8080A CPU 11-38 
MCS-48™ Input/Output Expander 10-28 
Programmable Communication Interface 12-46 
Programmable Communication Interface 12-62 
Programmable Interface Timer 12-65 
Programmable Peripheral Interface 12-76 
Programmable Peripheral Interface 12-95 


Programmable DMA Controller 12-98 


Programmable Interrupt Controller 12-111 
Programmable Floppy Disk Controller 12-123 
Programmable Protocol Controller 12-142 


8275 Programmable CRT Controller 

8278 Programmable Keyboard Interface 

8279/8279-5 Programmable Keyboard Display 
Interface 

8294 Data Encryption Unit 

8308 See 2308. 

8316A See 2316A. 

8355 16,384-Bit ROM with 1/0 Ports 

8702A UV Erasable and Electrically 
Programmable 2048-Bit PROM 

8708 See 2708. 

8741 See 8041/8741. 

8748-4/8035-4 Single Component 8-Bit Microcomputer 

8755A 16,384-Bit EPROM with |/0 Ports 

8801 Clock Generator Crystal for 8224/8080A 


Available Literature 

Bipolar Cross Reference 

Component Sales Offices 

Development Systems 

European Marketing Offices 

Expansion Chassis Intellec® Series II 

FORTRAN-80 Intellec® Resident Compiler 

IC 38510 Military Products 

ICE-30™ In-Circuit Emulator 

ICE-41™ UPI-41™ In-Circuit Emulator 

ICE-48™ In-Circuit Emulator 

ICE-80™ In-Circuit Emulator 

ICE-85™ In-Circuit Emulator 

Insite Users’ Library 

Intel Technical Library 

Intellec® Systems 

Intellec® High-Speed Paper Tape Reader 

Intellec® PROMPT-48™ Design Aid 
Intellec® PROMPT-80/85™ Design Aid 

International Distributors 

ISIS-Il Diskette Operating System 
Manufacturing Flow 

MCS-48™ System Workshop 
MCS-80/85™ System Workshop 
MDS-EMI 8021 Emulator Board 

Memory Cross Reference 

Memory Support Circuits 

Military Products 

Military Products Manufacturing Flow 

Model 210 Intellec® Series Il 

Model 210 Enhancement Kit Intellec® Series II 
Model 220 Intellec® Series Il 

Model 230 Intellec® Series Il 

Model 770 Printer Intellec® Series II 

Ordering Information 

Packaging Information 

Peripherals 

PL/M-80™ High-Level Programming Language 
Intellec® Resident Compiler 

Programming Selection 

PROM/ROM Selector Guide 

PROMPT-48™ Intellec® Design Aid 

PROMPT-80/85™ Intellec® Design Aid 

RAM Selector Guide 

Recommended Products for MCS-80/85™ 

RMX-80 Real-Time System Workshop 


“For specifications contact Intel Literature Department, 3065 Bowers Avenue, Santa Clara, California 95051. 
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12-165 
12-188 


12-198 
12-209 
4-18 
4-22 
11-77 


ROM Editor/Assembler Intellec® Series II 
Sales Offices 

SDK-85™ MCS-85™ System Design Kit 
Serial Memories 

Series 3000 Bipolar Microprocessor 
Standard Product Flow 

System Monitor Intellec® Series II 
System Sales Offices 


NUMERICAL INDEX 


13-20 
2-17,18 
13-75 
9-2 

8-2 
2-12 
13-18 
2-17 
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Technical Library 

Telecommunications 

Training Programs 

u-Scope™ 820 Microprocessor System Console 
u-Scope™ Probe 8080A 

UPP-103 Universal PROM Programmer 

User's Library 

Workshops 


2-14 
7-1 
13-86 
13-80 
13-84 
13-71 
13-67 
13-86 
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Information 


GENERAL INFORMATION 


TABLE OF CONTENTS 
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ORDERING INFORMATION | 


Semiconductor components are identified as follows: 


Example: 
M © ~5 1 9 i ee 
Four or five characters Up to three character 
per device type modifier for power, 


speed, processing, etc. 
Package Type 
B — Hermetic Package, Type B 
C — Hermetic Package, Type C 
D — Hermetic Package, Type D 
M — Metal Can Package 
P — Plastic Package 
X — Unpackaged Device 


M — Indicates Military Operating 
Temperature Range 


Examples: 


P5101L CMOS 256 X 4 RAM, low power selection, plastic package, commercial temperature range. 


C8080A2 8080A Microprocessor with 1.5 us cycle time, hermetic package Type C, commercial 
temperature range. 


MD3604/C 512 X 8 PROM, hermetic package Type D, military temperature range, MIL-STD-883 Level 
C processing. * 


MC8080A/B_ 8080A Microprocessor, hermetic package Type C, military temperature range, MIL-STD-883 
Level B processing. * 


Kits, boards and systems may be ordered using the part number designations in this catalog. 
The latest Intel OEM price book should be consulted for availability of various options. These may be 


obtained from your local Intel representative or by writing directly to Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, California 95051. 


“On military temperature devices, B suffix indicates M/L-STD-883 Level B processing. Suffix C indicates M/L-STD-883 Level 
C processing. “S” number suffixes must be specified when entering any order for military temperature devices. All orders 
requesting source inspection will be rejected by Intel. 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


PLASTIC DUAL IN-LINE PACKAGE TYPE P 


16-LEAD PLASTIC DUAL IN-LINE 835 (21. a 
PACKAGE TYPE P PO (20. 5) | 
PIN ay 
255 6. 477) 
1245 * 223) 
325 
— MAX. 
.200 (5.080) .140 (3.556) | (8.255) 
MAX. 130 (3. 302) | 
SEATING [ 1] q] —— 
010 TYP i oO 
sities NT = (0.254) ~m\h" 15° 
i 125 (3.175) ; ! : 
MIN. J. (0.381) 
.020 (0.508) 350 ~ 
.110 (2, ie sa TYP 032 TYP 016 (0.406) <— (8.890) 
090 (2.286) (1,524) (0.813) ial 
.905 (22.987) 
18-LEAD PLASTIC DUAL IN-LINE "895 (22.733) ‘ 
PACKAGE TYPE P ; ; PIN 1 7 
° 4 
| 
.255 (6.467) 
'245 (6.223) 
-——- 4 325 
- MAX. 
.200 (5.080) .140 (3.556) (8.255) 
MAX. - .130 (3.302) 
SEATING “ 
010 TYP | 0° 
PLANE A 015 MIN. Va 96 
.125 (3.175) A dl aarti (0.254) le 15 
—_ _. & “1 “| a. .020 (0.508) -350 
.110 (2.794) .060 TYP : (8.890) 
Ne .032 TYP “016 (0.406) 
.090 (2.286) (1.524) (0.813) REF. 
1.035 (26.289) 
20-LEAD PLASTIC DUAL IN-LINE wei (26. acer 
PACKAGE TYPE P «sits 
255 (6.467) 467) 
245° oo 223) 
325 
~ MAX.- 
.200 (5.080) .140 (3.556) | (8.255) 
MAX. / .130 (3.302) | 
rae 
—e SEATING pees 
010 TYP 0° 
: % PLANE | oO 
| 4 015 MIN. a 
‘| | 125 (3.175) wh 7 (0.381) (0.264) =a 
\ nai ~ i? a .020 (0.508) 350 
110 (2.794) aa TYP 037 TvP 016 (0.406) (8.890) 
.090 (2.286) (1.524) (0.813) REF. 
1.105 (28.067) 
22-LEAD PLASTIC DUAL IN-LINE | ae 
PACKAGE TYPE P “a 
355 f 017) 
345 (8. 763) 
.425 
MAX. 
.200 (5.080) 155 (3.937) (10.795) 
MAX. 145 (3.683) 
SEATING : cee 
: .010 TYP i) 0° 
PLANE j | eee 
125 (3.175) 7 a | J .015 MIN. (0.254) “al 15 
MIN. - g a (0.381) 
"| .020 (0.508) ae 
110 (2.794) O60TYP  o32TYP —_.016 (0.406) Cae 
.090 (2.286) (1.524) (0.813) ‘ 
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PACKAGING INFORMATION ii dimensions in inches and (millimeters) 


PLASTIC DUAL IN-LINE PACKAGE TYPE P 


24-LEAD PLASTIC DUAL IN-LINE Tce a 
PACKAGE TYPE P | a 
545 (13.843) 
535 (13.589) 
- oy .625 
A MAX. —»! 


.200 (5.080) .160 (4.064) 


MAX 150 (3.810) — 
SEATING [ 1 7 TT. 4 = j 
SE —- 010 TYP Oo 
PLANE ~Kovs MIN. (0.254) ale 15° 
(0.381) | | 


(15.875) | 
| 


125 (3.175) _. a - > | 
MIN. | >{L<.020 (0.508) | -650 
110 (2.794) 060 TYP 032 TYP ig 0 ancl <— (16.510) 
.090 (2.286) (1.524) (0.813) REF. 
ee 1.455 (36.957) 
28-LEAD PLASTIC DUAL IN-LINE * 1.445 (36.703) 
PACKAGE TYPE P en PINT) 
fe) A 
545 (13.843) 
535 (13.665) 
| 
ey ee a 625 
MAX. —>| 
.200 (5.080) .160 (4.064) (15.875) | 
sive oe -150 (3.810) | | 
SEATING eeret ace 010 TYP i) o 
— ail , £015 min. (0.254) ~»ile 15° 
125 (3.175) | | = | L (0.381) l | 
Zs | 
MIN. I “1 .020 (0.508) | 650 | 
.110 (2.794) 060 TYP .032 TYP 016 (0406) — (16.510) —> 
.090 (2.286) (1.524) (0.813) REF. 
2.055 (52.197) 
40-LEAD PLASTIC DUAL IN-LINE 2.045 (51.943) 
PACKAGE TYPE P ow 1| 
ae 7 
| 
.545 (13.843) 
“535 (13.589) 
3 cee Vv 625 
e— MAX. —>! 
.200 (5.080) 175 (4.445) | (15.875) | 
MAX. _ 165 =a 
_SEATING gasne ——ss —=_ 010 TYP 
PLANE —_ | l Roisin. (0.254) 
125 (3.175) J x -| el a ; (0.381) l l 
7 | 
“ 110 (2.794) sau .032 TYP a eae eee) he ae _ 
See eee < 1 4 aa Pe . 
.090 (2.286) (1.524) (0.813) 016 (0.406) REF. 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE D 
.790 (20.066) 


16-LEAD HERMETIC DUAL IN-LINE ' 750 (19.050) 7 
PIN 1 


PACKAGE TYPE D 
310 (7.874) 
265 (6.731) 
MAX. 
.200 (5.080) 165 (4.191) 
MAX. 140 (3.556) "8 


SEATING { 9.) ee N ge 
PRAtvE 015MIN, —--O10. TYP |e’ 18° 
125 (3.175) i (0.381) (0.254) N 
MIN. 110 (2.794) le | 375 | 
780 .060 TYP —>!l<-,020 (0.508) (9.525) 
SS peer (1.524) eos .016 (0.406) REF. 
(0.813) 
920 (23.000) 
. 880 (22.352) 
18-LEAD HERMETIC DUAL IN-LINE | 
PACKAGE TYPE D eee a 
310 (7.874) 
265 (6.731) 
325 
“_ 140 (3.556) | | as) | 
. SEATING | renee | | 
| \ ionic | f .015MIN. 010 TYP 2. 
125 (3.175) 4 a (0.381) (0.254) oat 
MIN. | fr “| in .020 (0.508) 375 
.016 (0.406) |— 19.525) >| 
110 (2.794) 960 TYP .032 TYP REF. 
090 (2.286) (1.524) (0.813) 
.990 (25.146) 
950 (24.130) 
20-LEAD HERMETIC DUAL IN-LINE or 
PACKAGE TYPE D aise 
310 (7.874) 
265 (6.731) 
325 
oo 165 (4.191) MAX. > 
140 (3.556) (8.255) | 


| 


| 
| o 
Fos MIN. .010 TYP 1 ao 
(0.381) (0.254) ~~ 15 


SEATING 
PLANE 


125 (3.175) | 
MIN. calle. .020 (0.508) | 375 
016 (0.406 9.525) —> 
.110 (2.794) 060 TYP .032 TYP a | 
090 (2.286) (1.524) (0.813) 
: 1.095 (27.813) 
1.060 (26.924) 
22-LEAD HERMETIC DUAL IN-LINE | ‘ 
PACKAGE TYPE D sr ek. 
400 (10.16) 
.370 (9.398) 
425 
.200 (5.080) .180 (4.572) Papen 
MAX. .150 (3.810) ; 
£s66e8n SEATING | coeasebamaan ‘_— 
ta PLANE .010 TYP = 
1 | ft .015 MIN. ° 
\ .125 (3.175) , ue sree (0.381) (0.254) | = 15 
MIN. .110 (2.794) ie : | A75 
090 (2.286) (1.524) paige el lel | 12.065) 
.032 TYP .016 (0.406) REF. 


(0.813) 


PACKAGING INFORMATION aii dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE D 


1.285 (32.639) 


24-LEAD HERMETIC DUAL IN-LINE ——«— iio 
PACKAGE TYPE D , 
PIN 1 
600 (15.240) 
515 (13.081) 
625 
MAX. 
.220(5.588) :175 (4.445) . 
| MAX. 145 (3.683) inal 
“i \ bit’ SEATING ease Ny: 
Saye PLANE | os 
aa t oie a .010 TYP. 7 q6e 
125 (3.175) (0.381) (0.254) j ad 
MIN. = il .060 TYP. | : 675 
(1.524) —»||<-.020 (0.508) — (17.145) >] 
:110 (2.794) .032 TYP 016 (0.406) REF 
.090 (2.286) (0.813) , 
1.485 (37.719) 
1.435 (36.449 
28-LEAD HERMETIC DUAL IN-LINE | aes 
PACKAGE TYPE D oe PIN 1 
600 (15.240) 
515 (13.081) 
625 
.220(5.588) 175 (4.445) pan 
MAX. 145 (3.683) (15.875) | 
SEATING __ peste 1» 
PLANE 015 MIN. _ -010 TYP. ip! 1B 
125 (3.175) > (0.381) (0.254) 
MIN. re -060 TYP. ee ! 675 | 
< (1.524) —>|l< .020 (0.508) l— (17.145) —> 
110 (2.794) .032 TYP -016 (0.406) REF. 
090 (2.286) (0.813) 
2.080 (52.832) _ 
40-LEAD HERMETIC DUAL IN-LINE 2.030 (51.562) 
PACKAGE TYPE D PIN 1 
.600 (15.240) 
515 (13.081) 
625 
.220 (5.588) 175 (4.445) Ce 
MAX. 145 (3.683) (15.875) 
SEATING imemieenas " ho 
PLANE j I 015 MIN .010 TYP. ~mi< 15° 
: (0.254) 
geet ia { He ——, an (0.381) ] = 
(1.524) 020 (0.508) Lnfiiy Get 
.110 (2.794) .032 TYP 016 (0.406) REF. 
(090 (2.286) (0.813) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE C 


16-LEAD HERMETIC DUAL IN-LINE 
PACKAGE TYPE C 


3 -{ 300 (7.620) 
? | .280 (7.112) 
.200 (5.080) .095 (2.413) 
MAX. 070 
: : 070 (1.78) 10 
(3.302) 
SEATING -_——- MAX. o 
PLANE | a I 020 MIN .010 TYP. \ 1710 
See Se (0.508) (0.254) | N 
125 (3.175) 
MIN. (1.270) cies (0.588) LL .325 
nove. | 015 (0.381) (8.255) 
110 (2.794) “0.213) 7 REF. 
.090 (2.286) 
920 (20.820) 
"880 (19.812) 
18-LEAD HERMETIC DUAL IN-LINE PIN 1 MARK 
PACKAGE TYPE C 7s Y 
.300 (7.620) 
.280 (7.112) 
.200 (5.080) 095 (2.413) 
MAX. .070 (1.778) 
green ae <= .130 
(3.302) 
SEATING = MAX oO 
PLANE 4 025 MIN 010 TYP. \af710 
sen TP (0.635) (0.254) “U i 
125 (3.175) 
MIN. (1.270) an 022 (0.558) __ 325 
015 (0.381) (8.255) 
110 (2.794) ae TE REF. 
.090 (2.286) 
.990 (25.146) 
.970 (24.638) 
20-LEAD HERMETIC DUAL IN-LINE ce : PIN 1 MARK 
PACKAGE TYPE C oe ms , 
Gf 
300 (7.620) 
.280 (7.112) 
.200 (5.080) .120 (3.048) 
MAX. .100 (2.540) 
<= oma .135 MAX 
(3.429) 
SEATING a o° 
rLAMe | | | 4 025 MIN 010 TYP \ 710° 
a ED TE (0.635) (0.254) : , 
MIN. (1.270) .022 (0.558) LL 325 
015 (0.381) (8.255) 
.110 (2.794) ate REF. 
.090 (2.286) 
1.095 (27.813) 
1.060 (26.924) 
22-LEAD HERMETIC DUAL IN-LINE — PIN 1 MARK 
PACKAGE TYPE C -_=—= 
.400 (10.160) 
J "380 (9.652) 
.200 (5.080) .100 (2.540) 
MAX. 070 (1.774) 
pee 140 MAX. 
(3.556) 
SEATING ea 1 oO” 
PLANE 025 MIN. ganres 10° 
Mi.Gaa (0.254) 
125 (3.175) .050 TYP. 
MIN. (1.270) 022 (0.558) LL 425 
15 (0.381) (10.795) 
.110 (2.794) .032 TYP. REF. 
.090 (2.286) (0.813) 
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.820 (20.820) 
.790 (20.066) 


PIN 1 MARK 


PACKAGING INFORMATION All dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE C 


24LEAD HERMETIC DUAL IN-LINE 1.215 (30.861) 
PACKAGE TYPE C fae eee PIN 1 MARK 


: 7) 600 (15.240) 
570 (14.478) 


200 (5.080) .095 (2.413) Scphening 
; ; = 683) 
MAX. .070 (1. ant t 
= 
SEATING 0 
—— 010 TYP oe 
ies — ie .020 MIN (0.254) a 710 
(0.508) ) " 
.125 (3.175) 050 TYP ! 
MIN. (1.270) ‘ .022 (0.558) LL 625 
_ 015 (0.381) (15.875) 
.110 (2.794) REF. 
.090 (2.286) 
1.415 (35.941) 
28-LEAD HERMETIC DUAL IN-LINE 1.385 (35.179) PIN 1 MARK 
PACKAGE TYPE C / 
.600 (15.240) 
% 570 (14.478) 
MAX. 070 (1.778 a (3. 683) 
SEATING | i —] | | it 
010 TYP 
ne ‘Le 020 MIN. (0.254) 
125 - 175) .050 TYP (0.508) 
MIN. (1.270) 022 (0.558) 625 
~~ 015 (0.381) e— (15.875) 
110 (2. bes REF. 
090 (2.286) 
2.020 (51.308) 
+ 
1.980 (50.292) 
40-LEAD HERMETIC DUAL IN-LINE nas PIN 1 MARK 
PACKAGE TYPE C Se es 
600 (15.240) 
570 (14.478) 


.200 (5.080) .095 (2.413) 
MAX. .070 (1.778) 
4 =a = i 145 MAX. 
| (3.683) 
SEATING -—-- | 0 
PLANE x § aon jail 010 TYP Sa 10° 
(0.508) (0.254) 
.125 (3.175) .050 TYP | 
MIN. (1.270) 022 (0.558) Lagoa 
.110 (2.794) ae NS REF. 
.090 (2.286) 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


CERAMIC DUAL IN-LINE PACKAGE TYPE B 


22-LEAD HERMETIC DUAL IN-LINE 1.095 (27.813) 
PACKAGE TYPE B 1.060 (26.924) IN 
.400 (10.160) 
.370 ( 9.398) 
==— | .425 
MAX. 
arc ee oe 
.190 (4.826) | 


— “160 (4.064) 


SEATING 
PLANE 


| ae MIN. 010 TYP = 15° 


2s 1751 (0.381) (0.254) 
. .110 2.794) | & | Jit (0.508) 475 . 
O80 28) 060 TYP —-.032 TYP. 016 (0.406) oe 
(1.524) (0.813) ‘ 
1.285 (32.639 
24.LEAD HERMETIC DUAL IN-LINE a 
PACKAGE TYPE B PIN 1 
- ; .600 (15.240) 
515 (13.081) 
sean aetone lok 625 
.220(5.558) 150 (3.810) aEeoe 
sie 125 (3.175) 
ere te 190 (2.826) 
SEATING y UKtLiLtitt) __ 155 (3.937) | 
PLANE 4 ‘| O° 
| 015 MIN. 010 TYP. ~»'laae- 
100 (2.540). — | (0.381) (0.254) 
MIN. | 
118 2.798) | L 1] + ale 020 (0.508) Z 675 J 
090 (2.286) 060 TYP. 933 Typ ae (17.145)- 
; 016 (0.406) 
(1.524) (0.813) REF. 
1.485 (37.719) 
28-LEAD HERMETIC DUAL IN-LINE 1.435 (36.449) 
PACKAGE TYPE B sue 
600 (15.240) 
570 (13.081) 
_t 625 
.220(5.558) 150 (3.810) -MAX. 
MAX 425 (3.175), (15.875) 
SS -190 (4.826) 
SEATING y ULtlLijl) | 155 (3.937) | 
EATING a 
aiid t ots MIN. .010 TYP. smi 4“ 15° 
.125 (3.175) ——s (0.381) (0.254) 
mi) 110 (2.794) z all 020 (0.508) 675 _ 
.090 (2.286) 060 TYP. 032 TYP 016 (0.406) (17.145) 
(1.524) (0.813) REF. 
2.080 (52.832) 
40-LEAD HERMETIC DUAL IN-LINE E080 (S1GGE 
PIN 1 
PACKAGE TYPE B 
600 (15.240) 
570 (13.081) 


4 .625 


220(5.558) 150 (3.810) “MAX. 
MAX. 425 (3.175) es 
ee 190 (4.826) 
155 (3.937) 


SEATING  y ULI) 
PLANE 4 
015 MIN. 010 TYP. 
125 (3.175) —_ (0.381) (0.254) 
MIN. 
110 (2.798) | ion ale 020 (0.508) 675 
(17.145) — 


090 (2.286) O60 TYP. 032 TYP 016 (0.406) 
(1.524) (0.813) = 
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PACKAGING INFORMATION All dimensions in inches and (millimeters) 


METAL CAN PACKAGE TYPE M 


8-LEAD METAL CAN 
PACKAGE TYPE M 


.335 (8. 509) , 
| 305 .305 (7. 747)? 


GENERAL 


.185 (4.699) .040 (1.016) 
165 (4.191) MAX. 
’ 
500 (12.7) 
MIN INSULATOR 
.050 (1.27) 
| MAX, 
370 (9.398) 8 LEADS 
335 (8.509) D!A- .019 (0.483) , 
200 (5.08) 016 (0.406) 
TYP. 
45° EQUALLY 
SPACED 
034 (0.864) 
028 (0.711) 


OSE 
.045 (1.143) 


.029 (0.737) 


STANDARD PRODUCT FLOW 


O_O 


Optical inspection criteria based on 
MIL-STD-883 Method 2010.3B to 

insure that all devices are free 

from internal defects which could 


(Monitored by QA) 


Die Attach 
(Monitored by QA) 


Lead Bonding (Monitored by QA per 


MIL-STD-883 Method 2011.2 Test Condition D.) 


Precap Visual 
Inspection criteria fe 
based on MIL-STD-883 ‘ 
Method 2010.3B to insure 
that after assembly all devices are free 
from defects which could lead to failure 
in normal applications. (Each lot must 
pass a QA acceptance.) 


lead to failure in normal applications. 


1014.2C, vacuum omitted and 1 hour pressurization). 


Hermeticity Testing to 

eliminate devices which 
show insufficient 
hermeticity. (Monitored 
by QA) 

Fine leak C DIPs,CERDIPs, and 
Metal cans (MIL-STD-883 
Method 1014.2B).* Gross Leak 


C DIPs and Cerdips only (Method 


Temperature Cycling per MIL-STD-88 
Method 1010.2 Test Condition C (10 Cycles: 
—65°C to +150°C) to insure that all devices 
are free from metalization, bonding or 
packaging defects. (Monitored by QA) 


STANDARD PRODUCT FLOW 


Electrical Testing to test 
conditions and limits which guarantee 
AC, DC and functional performance over 
full specified temperature 
wee TANge. 


*Fine leak limits: All 
devices 1 x 10-7 cceatm/sec 


Ceramic DIP and Cerdip 
Centrifuge for constant acceleration 
per MIL-STD-883 Method 2001.2 Test 
iti COndition E (30,000G Y1 plane) 
to insure that all devices are 
adequately die attached, bonded 
and free from package defects. 
(Not 100% screened; 
, monitored by QA) 


Plastic 
Deflash, trim and form leads. 
(Monitored by QA) 


Final QA Acceptance per 
MIL-STD-883 Method 2009 External 
Visual, and Electrical AC, DC 
Functional Tests to guarantee 
performance over full specified 

temperature range 
Electrical 1% AQL 
Mech/Vis. 7/2 LTPD 
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INTEL TECHNICAL LIBRARY 


The accelerating rate of new developments in microprocessors and memories has created the need for 
concise, up-to-the-minute design information. To assist you in maintaining your expertise in state of the art 
systems, there is available a variety of brochures, data sheets, application notes, handbooks, and technical 
manuals, containing comprehensive information on microprocessors, microcomputers, memories, 
development systems and software. 


If you wish to receive Intel literature, contact your local Intel sales office, representative, distributor or Intel 
Corporation, Literature Department. International locations also provide selected literature in Japanese, 
French or German. 


To order literature by mail, please enclose check or money order payable to Intel Corporation. Purchase 
Orders are accepted for amounts of $100.00 or more. You can also order Intel documentation with your Master 
Charge or BankAmericard/Visa credit card. Include your card number, expiration date and signature on the 
order form. Volume and Educational discounts are available. A maximum of five complimentary (N/C) items 
may be ordered. Mail to: 


Intel Corporation 

Literature Department 

3065 Bowers Avenue 

Santa Clara, California 95051 


BROCHURES 

MCS-48™ Microcomputer Product Description N/C 
8085 Brochure N/C 
SBC 80 and System 80 Configuration Guide N/C 
pu Scope™ 820 Brochure N/C 
PL/M Application Brochure N/C 
ICE-85™ Brochure N/C 
Microcomputer Product Line Brochure N/C 
Static RAM Brochure N/C 
2115A/2125A Brochure N/C 
Intellec® Series 11 Development Systems N/C 
REFERENCE CARDS 

MCS-48™ Assembly Language Reference Card N/C 
UPI-41™ Assembly Language Reference Card N/C 
8085/8080 Assembly Language Reference Card N/C 
RELIABILITY REPORTS 

RR7Z7 2107A/2107B 4K Dynamic RAM N/C 
RR 8_ Polysilicon Fuse Bipolar PROM N/C 
RRQ MOS Static RAMs N/C 
RR 10 8080/8080A Microcomputer N/C 
RR1i1 2416 16K CCD Memory N/C 
RR12 2708 8K Erasable PROM N/C 
RR 14 2115/2125 MOS Static RAMs N/C 
RR15 2104A 4K Dynamic RAM N/C 
RR16 2116 16K Dynamic RAM N/C 
RR 17 SBC 80/10 Single Board Computer N/C 
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INTEL TECHNICAL LIBRARY 


APPLICATION NOTES 


AP 12 5101 CMOS RAM 

AP 15 8255 Programmable Peripheral Interface 

AP 16 8251 USART 

AP 17 2708 8K Erasable PROM 

AP 19 Memory Mapped PROM 

AP 23 2104A 4K RAM 

AP 24 MCS-48™ Family 

AP 26 SBC 80/10 System 80/10 

AP 27 Control with UPI-41™ 

AP 28 Multibus Interfacing 

AP 29 Using the Intel® 8085 Serial I/O Lines 

AP 31 Using the 8259 

AP 32 8275 and 8279 

AP 33) RMX-80™ 

APR 1. Simplify Dynamic RAM/Microprocessor Interface 
MANUALS 

Part No. Description 

111100 Memory Design Handbook 

98-042 MCS-40™ User’s Manual 

98-025 4004/4040 Assembly Language Programming Manual 
98-270 MCS-48™ User’s Manual 

98-255 MCS-48™ and UPI-41™ Assembly Language Programming Manual 
98-504 UPI-41™ User’s Manual 

98-017 MCS-8™ User’s Manual 

98-019 8008/MCS-8™ Assembly Language Programming Manual 
98-153 MCS-80™ User’s Manual 

98-203 SDK 80 User’s Guide 

98-366 MCS-85™ User’s Manual 

98-451 SDK 85 User’s Manual 

98-301 8080/8085 Assembly Language Programming Manual 
98-452 8080/8085 Floating-Point Arithmetic Library User’s Manual 
98-268 PL/M Programming Manual 

401800 Guide to PL/M Programming — Daniel McCracken 
98-300 ISIS I| PL/M Compiler Operator’s Manual 

98-292 ISIS 11 8085 Macro Assembler Operator’s Manual 
98-221 Series 3000 Reference Manual 

98-210 Series 3000 Microprogramming Manual 

98-172 ROM SIM Reference Manual 

98-199 ROM SIM External Reference Specification 

98-307 Intellec® PROMPT-80 User’s Manual 

98-306 ISIS Il System User’s Guide 

98-422 Intellec® Double Density DOS Hardware Reference Manual 
98-206 ISIS | DOS Operator's Manual 

98-212 MDS DOS Reference Manual 

98-129 Intellec® 800 MDS Operator’s Manual 

98-132 Intellec® MDS Reference Manual 

98-386 Intellec® MDS Diagnostic Confidence Test Operator’s Manual 
98-220 MDS ICE-30 Reference Manual 

98-222 ICE-30™ External Reference Specifications 

98-167 MDS ICE-80 Reference Manual 

98-185 MDS ICE-80 Operator’s Manual 

98-133 MDS UPP Reference Manual 
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N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 
N/C 


Retail 


$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 2.50 
$ 5.00 
$ 7.50 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$10.00 
$15.00 
$10.00 
$ 5.00 
$ 5.00 
$25.00 
$ 2.50 
$ 5.00 
$15.00 
$25.00 
$15.00 
$25.00 
$15.00 
$25.00 
$ 5.00 
$25.00 
$ 2.50 
$25.00 
$15.00 
$25.00 
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MANUALS (Cont’d.) 


Part No. 


98-236 
98-016 


98-482 


98-483 
98-230 
98-316 
98-317 
98-223 
98-338 
98-508 
98-488 
98-449 
98-277 
98-279 
98-420 
98-349 
98-410 
98-265 
98-294 
98-278 
98-388 
98-385 
98-489 
98-297 
98-298 
98-505 
98-485 
98-486 
98-487 
98-350 
98-354 
98-522 
98-414 


Description 


MDS Universal PROM Mapper Operator’s Manual 
Paper Tape Reader Guide 

SBC 80/04 Hardware Reference Guide 

SBC 80/05 Hardware Reference Manual 

SBC 80/10 and 80/10A Reference Manual 
System 80/10 Reference Manual 

SBC 80/20 and SBC 80/20-4 Reference Manual 
SBC 80P and 80P10 Prototyping Package User’s Guide 
SBC 80P20 Prototyping Package User’s Guide 
SBC 80P05 User’s Guide 

SBC 032/048/064 Hardware Reference Manual 
SBC 094 Hardware Reference Manual 

SBC 104/108 Hardware Reference Manual (with SBC 116 Addendum) 
SBC 016 Reference Manual 

SBC 202 Hardware Reference Manual 

SBC 211/212 (SBC 80 Diskette) Reference Manual 
SBC 310 Hardware Reference Manual 

SBC 416 Reference Manual 

SBC 501 Reference Manual 

SBC 508 Reference Manual 

SBC 517 Hardware Reference Manual 

SBC 519 Hardware Reference Manual 

SBC 556 Hardware Reference Manual 

SBC 630 Power Supply User’s Manual 

SBC 635 Power Supply User’s Manual 

SBC 660 Hardware Reference Manual 

SBC 711 Hardware Reference Manual 

SBC 724 Hardware Reference Manual 

SBC 732 Hardware Reference Manual 

SBC 915 User’s Guide 

SBC 925 User’s Guide 

RMX/80 User’s Guide 

Microcomputer Systems Data Book 
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Retail 


$15.00 
$ 2.50 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 5.00 
$ 2.00 


= MICROCOMPUTER AND MEMORY SYSTEM 
SALES AND MARKETING OFFICES 


3065 Bowers Avenue 

Santa Clara, California 95051 
Tel: (408) 987-8080°* 

TWX: 910-338-0026 

TELEX: 34-6372 


U.S. AND CANADA SALES OFFICES 


ALABAMA 

Glen White Associates 
7844 Horseshoe Trail 
Huntsville 35802 

Tel: (205) 883-9394 


ARIZONA 

BFA 

4426 North Saddle Bag Trail 
Scottsdale 85251 

Tel: (602) 994-5400 

Intel Corp. 

8650 N. 35th Avenue 
Phoenix 85021 

Tel: (602) 242-7205 


CALIFORNIA 

Intel Corp. 

15335 Morrison 
Suite 345 

Sherman Oaks 91403 
(213) 986-9510 


Intel Corp.” 

990 E. Arques Ave. 
Suite 112 
Sunnyvale 94086 
Tel: (408) 738-3870 
TWX: 910-339-9279 
TWX: 910-338-0255 
Mac-l 

2576 Shattuck 
Suite 4B 

Berkeley 94704 
Tel: (415) 843-7625 
Mac-! 

P.O. Box 1420 
Cupertino 95014 
Tel: (408) 257-9880 


Intel Corp.* 

1651 East 4th Street 
Suite 150 

Santa Ana 92701 

Tel: (714) 835-9642 
TWX: 910-595-1114 
Mac-l 

P.O. Box 8763 
Fountain Valley 92708 
Tel: (714) 839-3341 
Mac-! 

20121 Ventura Bivd., Suite 240E 
Woodland Hills 91364 
Tel: (213) 347-5900 
Earle Associates, Inc. 
4805 Mercury Street 
Suite L 

San Diego 92111 

Tel: (714) 278-5441 


COLORADO 

Intel Corp 

6000 East Evans Ave. 
Bldg. 1, Suite 260 
Denver 80222 

Tel: (303) 758-8086 
TWX: 910-931-2289 
Mountaintek 

25921 Fern Gulch Road 
P.O. Box 1355 
Evergreen 80439 

Tel: (303) 674-5255 


CONNECTICUT 

Inte! Corp. 

Peacock Alley 

1 Padanaram Road, Suite 146 
Danbury 06810 

Tel: (203) 792-8366 

TWX: 710-456-1199 


FLORIDA 

Intel Corp. 

1001 N.W. 62nd Street, Suite 406 
Ft. Lauderdale 33309 

Tel: (305) 771-0600 

TWX: 510-956-9407 

Intel Corp. 

5151 Adanson Street, Suite 105 
Orlando 32804 

Tel: (305) 628-2393 

TWX: 810-853-9219 

Col-Ins-Co 

1313 44th Street 

Orlando 32809 

Tel: (305) 423-7615 


GEORGIA 

Col-ins-Co 

1280 Cedar Park Circle 
Stone Mountain 30083 
Tel: (860) 327-6600 


ILLINOIS 

Intel Corp.* 

1000 Jorie Boulevard 
Suite 224 

Oakbrook 60521 

Tel: (312) 325-9510 
TWX: 910-651-5881 
Data Electronics 
4976 North Milwaukee Avenue 
Chicago 60630 

Tel: (312) 283-0300 


INDIANA 

Data Electronics 

1150 N. Shadeland Ave. 
Suite B-16-B 
indianapolis 46203 

Tel: (317) 359-5368 


IOWA 

Technical Representatives, Inc. 
St. Andrews Building 

1930 St. Andrews Drive N.E. 
Cedar Rapids 52402 

Tel: (319) 393-5510 


KANSAS 

Technical Representatives, Inc. 
8245 Nieman Road, Suite 7100 
Lenexa 66214 

Tel: (913) 888-0212, 3, & 4 
TWX: 910-749-6412 


MARYLAND 

Glen White Associates 

57 West Timonium Road 

Timonium 21093 

Tel: (301) 252-7742 

Intel Corp.” 

57 West Timonium Road 

Suite 307 

Timonium 21093 

Tel: (301) 252-7742 

TWX: 710-232-1807 

Mesa Inc. 

11900 Parklawn Drive 

Rockville 20852 

Tel: Wash. (301) 881-8430 
Balto. (301) 792-0021 


EUROPEAN MARKETING OFFICES 


BELGIUM 

Intel International” 
Rue du Moulin a Papier 
51-Boite 1 

B-1160 Brussels 

Tel: (02) 660 30 10 
TELEX: 24814 


ORIENT MARKETING OFFICES 


JAPAN 

Intel Japan Corporation* 

Flower Hill-Shinmachi East Bldg. 
1-23-9, Shinmachi, Setagaya-ku 
Tokyo 154 

Tel: (03) 426-9261 

TELEX: 781-28426 


FRANCE 

Intel Corporation, S.A.R.L.* 
74, Rue D’Arcueil 

Silic 223 

94528 Rungis Cedex 

Tel: (01) 687 22 21 

TELEX: 270475 


TAIWAN 

Taiwan Automation Co.* 
2nd Floor, 224 

Nanking East Road 
Section 3 

Taipei 

Tel: (02) 7710940-3 
TELEX: 11942 TAIAUTO 


INTERNATIONAL DISTRIBUTORS 


ARGENTINA 

S.LE.S.A. 

Av. Pte. Rogue Saenz Pena 1142 9B 
1035 Buenos Aires 

Tel: 35-6784 


AUSTRALIA 

A. J. Ferguson (Adelaide) PTY, Ltd. 
44 Prospect Rd. 

Prospect 5082 

South Australia 17005 

Tel: 269-1244 

TELEX: 82635 

A. J. Ferguson Electronics 
34 Herbert Street 

West Ryde, N.S.W. 2114 
Tel: AC8 269-1244 

TELEX: 82635 


Warburton-Frankie (Sydney) Pty. Ltd. 


199 Parramatta Road 
Auburn, N.S.W. 2114 

Tel: 648-1711, 648-1381 
TELEX: WARFRAN AA 22265 


Warburton-Frankie Industries 
(Melbourne) Pty. Ltd. 

220 Park Street 

South Melbourne, Victoria 3205 


AUSTRIA 

Bacher Elektronische Gerate GmbH 
Meidlinger Hauptstrasse 78 

A 1120 Vienna 

Tel: (0222) 83 63 96 

TELEX: (01) 1532 


BELGIUM 

Inelco Belgium S.A. 
Avenue Val Duchesse, 3 
B-1160 Brussels 

Tel: (02) 660 00 12 
TELEX: 25441 


**Note New Telephone Number 


DENMARK 

Scandinavian Semiconductor 
Supply A/S 

Nannasgade 18 

DK-2200 Copenhagen N 

Tel: (01) 93 50 90 

TELEX: 19037 


FINLAND 

Oy Fintronic AB 
Loennrotinkatu 35D 
SF 00180 

Helsinki 18 

Tel: (20) 664 451 
TELEX: 12426 


FRANCE 

Tekelec Airtronic 
Cite des Bruyeres 
Rue Carle Vernet 
92310 Sevres 
Tel: (1) 027 75 35 
TELEX: 250997 


GERMANY 

Alfred Neye Enatachnik GmbH 
Schillerstrasse 14 

D-2085 Quickborn-Hamburg 
Tel: (04106) 6121 

TELEX: 02-13590 

Electronic 2000 Vertriebs GmbH 
Neumarkter Strasse 75 
0-8000 Muenchen 80 

Tel: (089) 434061 

TELEX: 522561 

Jermyn GmbH 

Postfach 1146 

D-6277 Kamberg 

Tel: (06434) 6005 

TELEX: 484426 


INDIA 

Electronics International 
128 Mahatma Gandhi Road 
Secunderabad 

Tel: 73720 

TELEX: 015-363 

CABLE: GUNTICO 


MASSACHUSETTS 

Intel Corp.* 

187 Billerica Road, Suite 14A 
Chelmsford 01824 

Tel: (617) 256-6567 

TWX: 710-343-6333 

Computer Marketing Associates 
257 Crescent Street 

Waltham 02154 

Tel: (617) 894-7000 


MICHIGAN 

intel Corp. 

26500 Northwestern Hwy. 
Suite 401 

Southfield 48075 

Tel: (313) 353-0920 
TWX: 910-420-1212 
TELEX: 2 31143 

Lowry & Associates, Inc. 
135 W. North Street 
Suite 4 

Brighton 48116 

Tel: (313) 227-7067 


MINNESOTA 

Data Electronics 

9001 E. Bloomington Frwy. 
Suite 218 

Bloomington 55420 

Tel: (612) 881-9150 

Intel Corp. 

8200 Normandale Avenue 
Suite 422 

Bloomington 55437 

Tel: (612) 835-6722 

TWX: 910-576-2867 


MISSOURI 

Technical Representatives, Inc. 
Trade Center Bldg. 

300 Brookes Drive, Suite 108 
Hazelwood 63042 

Tel: (314) 731-5200 

TWX: 910-762-0618 


NEW JERSEY 

Intel Corp. 

2 Kilmer Road 
Edison 08817 

Tel: (201) 985-9100 
TWX: 710-480-6238 


NEW MEXICO 

BFA Corporation 

312 West Parker Road 
Las Cruces 88001 
Tel: (505) 523-0601 
TWX: 910-983-0543 
BFA Corporation 
3705 Westerfield, N.E. 
Albuquerque 87111 
Tel: (505) 292-1212 
TWX: 910-989-1157 


NEW YORK 

Intel Corp.* 

350 Vanderbilt Motor Pkwy. 
Suite 402 
Hauppauge 11787 
Tel: (516) 231-3300 
TWX: 510-227-6236 
Intel Corp. 

474 Thurston Road 
Rochester 14619 
Tel: (716) 328-7340 
TWX: 510-253-3841 


SCANDINAVIA 

Intel Scandinavia A/S” 
Lyngbyvej 32 2nd Floor 
DK-2100 Copenhagen East 
Denmark 

Tel: (01) 18 20 00 
TELEX: 19567 

Intel Sweden AB* 

Box 20092 

S-16120 Bromma 
Sweden 

Tel: (08) 98 53 90 
TELEX: 12261 


HONG KONG 

China Electronics 

Sea Bird House, 9th Floor 
22-28 Wyndham Street 
Hong Kong 


ISRAEL 
Eastronics Ltd.” 
11 Rozanis Street 
P.O. Box 39300 
Tel-Aviv 

Tel: 475151 
TELEX. 33638 


ITALY 

Eledra 3S S.P.A.* 

Viale Elvezia, 18 

20154 Milan, 

Tel: (02) 3493041 

TELEX: 39332 

Eledra 3S S.P.A* 

Via Paolo Gaidano, 141 D 
10137 Torino 

TEL: (011) 30 97 097 - 30 97 114 
Eledra 3S S.P.A.* 

Via Giuseppe Valmarana, 63 
00139 Rome, Italy 

Tel: (06) 81 27 290 - 81 27 324 
TELEX: 63051 


JAPAN 

Pan Electron 

No. 1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel: (045) 471-8811 
TELEX: 781-4773 

Ryoyo Electric Corp. 
Konwa Bldg. 

1-12-22, Tsukiji, 1-Chome 
Chuo-Ku, Tokyo 104 

Tel: (03) 543-7711 


Nippon Micro Computer Co. Ltd. 


Mutsumi Bldg. 4-5-21 Kojimachi 
Chiyoda-ku, Tokyo 102 
Tel: (03) 230-0041 
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NEW YORK (cont.) 
T-Squared 

4054 Newcourt Avenue 
Syracuse 13206 

Tel: (315) 463-8592 
TWX: 710-541-0554 


T-Squared 

640 Kreag Road 

P.O. Box W 

Pittsford 14534 

Tel: (716) 248-5005 
TELEX: 97-8289 

Intel Corp. 

85 Market Street 
Poughkeepsie 12601 
Tel: (914) 473-2303 
TWX: 510-248-0060 
Measurement Technology, Inc. 
159 Northern Boulevard 
Great Neck 11021 

Tel: (516) 482-3500 


NORTH CAROLINA 
Col-Ins-Co 

4307 Witherow Rd. 
Winston Salem 27106 
Tel: (800) 327-6600 
Glen White Associates 
3700 Computer Drive 
Suite 330 

Raleigh 27609 

Tel: (919) 787-7016 


OHIO 

Intel Corp.* 

8312 North Main Street 
Dayton 45415 

Tel: (513) 890-5350 
TELEX: 288-004 

Intel Corp.* 

26250 Euclid Ave. 
Suite 531F 

Euclid 44132 

Tel: (216) 289-0101 
Lowry & Associates, Inc. 
42 East Rahn Road 
Suite 100 

Dayton 45429 

Tel: (513) 435-4795 
Lowry & Associates, Inc. 
24200 Chagrin Bivd. 
Suite 146 

Cleveland 44122 

Tel: (216) 464-8113 


OREGON 

ES/Chase Company 

7100 S.W. Hampton Street 
Suite 121 

Portland 97223 

Tel: (503) 620-9616 


PENNSYLVANIA 

Intel Corp.* 

520 Pennsylvania Ave. 
Fort Washington 19034 
Tel: (215) 542-9444 
TWX: 510-661-0709 
Q.E.D. Electronics 
300 N. York Road 
Hatbcro 19040 

Tel: (215) 674-9600 


ENGLAND 

Intel Corporation (U.K.) Ltd.* 
Broadfield House 

4 Between Towns Road 
Cowley, Oxford OX4 3NB 
Tel: (0865) 77 14 31 

TELEX: 837203 

intel Corporation (U.K.) Ltd 
46-50 Beam Street 
Nantwich, Cheshire CW5 5LJ 
Tel: (0270) 62 65 60 

TELEX: 36620 


KOREA 

Koram Digital 

Sam Yung Bldg. #303 

71-2 Bukchang - Dong Chung-Ku 
Seoul 106 


NETHERLANDS 
C.N. Rood BV 

Cort Vender 
Lindenstraat, 13 
Postbus 42 

Rijswijk 2H2100 
Tel: 070-996360 
TELEX: 31238 
Ineico Nederland 
AFD Elektronic 
Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel: (020) 934824 
TELEX: 14622 


NEW ZEALAND 

W. K. McLean Ltd. 

103-5 Felton Matthew Avenue 
Glenn Innes, Auckland 

Tel: 587-037 

TELEX: NZ2763 


NORWAY 

Nordisk Elektronik (Norge) A/S 
Mustads Vei 1 

N-Oslo 2 

Tel: (02) 55 38 93 

TELEX: 16963 


PORTUGAL 

Ditram 

Componentes E Electronica LDA 
Av. Miguel Bombarda, 133 
Lisboa 1 

Tel: 119 45 313 


SOUTH AFRICA * 
Electronic Building Elements 
P.O. Box 4609 

Pretoria 

Tel: 78 92 21 

TELEX: 30181 


SPAIN 

Interface 

Ronda San Pedro 22 
Barcelona 10 

Tel: 301 78 51 


PENNSYLVANIA (cont.) 
Lowry & Associates, Inc. 
Three Parkway Center 
Suite 201 

Pittsburgh 15220 

Tel: (412) 922-5110 


TENNESSEE 


Glen White Associates 
Rt. 712, Norwood S/D 
Jonesboro 37659 

Tel: (615) 477-8850 
Glen White Associates 
2523 Howard Road 
Germantown 38138 
Tel: (901) 754-0483 
Glen White Associates 
6446 Ridge Lake Road 
Hixon 37343 

Tel: (615) 842-7799 


TEXAS 

Intel Corp. 

6776 S.W. Freeway 

Suite 550 

Houston 77074 

Tel: (713) 771-5781 
Mycrosystems Marketing lic. 
13777 N. Centra! Expresswav 
Suite 405 

Dallas 75243 

Tel: (214) 238-7157 

TWX: 910-867-4763 
Mycrosystems Marketing Inc. 
6610 Harwin Avenue, Suite 125 
Houston 77036 

Tel: (713) 783-2900 

Intel Corp.* 

2925 L.B.J. Freeway 

Suite 100 

Dallas 75234 

Tel: (214) 241-9521 

TWX: 910-860-5487 


VIRGINIA 


Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 

Tel: (804) 384-6920 


Glen White Associates 
Rt. =1, Box 322 
Colonial Beach 22443 
Tel: (804) 224-4871 


WASHINGTON 
E.S./Chase Co. 
P.O. Box 80903 
Seattle 98108 

Tel: (206) 762-4824 
TWX: 910-444-2298 


CANADA 


Intel Corp. 

70 Chamberlain Ave. 
Ottawa. Ontario K1S 1V9 
Tel: (613) 232-8576 
TELEX: 053-4419 
Multilek, Inc.* 

4 Barran Street 

Ottawa, Ontario K2J 1G2 
Tel: (613) 825-4553 
TELEX: 053-4585 


GERMANY 

Intel Semiconductor GmbH* 
Seidistrasse 27 

8000 Muenchen 2 

Tel: (089) 55 81 41 

TELEX: 523 177 

Intel Semiconductor GmbH 
Abraham Lincoin Strasse 30 
6200 Wiesbaden 1 

Tel: (06121) 74855 

TELEX: 04186183 

Intel Semiconductor GmbH 
Ernsthaldenstrasse 17 
D-7000 Stuttgart 80 

Tel: (0711) 7351506 

TELEX: 7255346 

Intel Semiconductor GmbH 
Wiesenweg 26 

D-6272 Niederhausen 

Tel: (06127) 2314 


SWEDEN 

Nordisk Electronik AB 
Fack 

S-10380 Stockholm 7 
Tel: (08) 248340 
TELEX: 10547 


SWITZERLAND 
Industrade AG 
Gemsenstrasse 2 
Postcheck 80 - 21190 
CH-8021 Zurich 

Tel: (01) 60 22 30 
TELEX: 56788 


UNITED KINGDOM 

Rapid Recall, Ltd. 

11-15 Betterton Street 
Drury Lane 

London WC2H 9BS 

Tel: (01) 379-6741 

TELEX: 28752 

G.E.C. Semiconductors Ltd. 
East Lane 

Wembley HA9 7PP 
Middlesex 

Tel: (01) 904-9303 

TELEX: 923429 

Jermyn Industries 

Vestry Estate 

Sevenoaks, Kent 

Tel: (0732) 50144 

TELEX: 95142 

**Sintrom Electronics Ltd.* 
Arkwright Road 

Reading, Berkshire RG20LS 
Tel: (0734) 85464 

TELEX: 847395 


*Field Application Location 


a l 
3065 Bowers Avenue 

Santa Clara, California 95051 
Tel: (408) 987-8080** 


TWX: 910-338-0026 
TELEX: 34-6372 


U.S. AND CANADIAN SALES 


ALABAMA 

Glen White Associates 
7844 Horseshoe Trail 
Huntsville 35802 

Tel: (205) 883-9394 


ARIZONA 

Intel Corp. 

8650 N. 35th Avenue 
Phoenix 85021 

Tel: (602) 242-7205 


CALIFORNIA 

Intel Corp. 

15335 Morrison 
Suite 345 

Sherman Oaks 91403 
(213) 986-9510 


Intel Corp.* 

990 E. Arques Ave. 
Suite 112 
Sunnyvale 94086 
Tel: (408) 738-3870 
TWX: 910-339-9279 
TWX: 910-338-0255 
Mac-! 

2576 Shattuck 

Suite 4B 

Berkeley 94704 

Tel: (415) 843-7625 
Mac-l 

P.O. Box 1420 
Cupertino 95014 
Tel: (408) 257-9880 
Earle Associates, Inc. 
4805 Mercury Street 
Suite L 

San Diego 92111 
Tel: (714) 278-5441 
TWX: 910-335-1585 
Mac-I 

P.O. Box 8763 
Fountain Valley 92708 
Tel: (714) 839-3341 
Intel Corp.* 

1651 East 4th Street 
Suite 150 

Santa Ana 92701 
Tel: (714) 835-9642 
TWX: 910-595-1114 


COLORADO 

Intel Corp. 

6000 East Evans Ave. 
Bldg. 1, Suite 260 
Denver 80222 

Tel: (303) 758-8086 
TWX: 910-931-2289 


MICROCOMPUTER AND MEMORY COMPONENT 
SALES AND MARKETING OFFICES 


OFFICES 


CONNECTICUT 

Intel Corp. 

Peacock Alley 

1 Padanaram Road, Suite 146 
Danbury 06810 

Tel: (203) 792-8366 

TWX: 710-456-1199 


FLORIDA 

Intel Corp. 

1001 N.W. 62nd Street, Suite 406 
Ft. Lauderdale 33309 

Tel: (305) 771-0600 

TWX: 510-956-9407 

Intel Corp. 

5151 Adanson Street, Suite 105 
Orlando 32804 

Tel: (305) 628-2393 

TWX: 810-853-9219 


ILLINOIS 

Intel Corp." 

1000 Jorie Boulevard 
Suite 224 

Oakbrook 60521 

Tel: (312) 325-9510 
TWX: 910-651-5881 


IOWA 

Technical Representatives, Inc. 
St. Andrews Building 

1930 St. Andrews Drive N.E. 
Cedar Rapids 52402 

Tel: (319) 393-5510 


KANSAS 

Technical Representatives, Inc. 
8245 Nieman Road, Suite 7100 
Lenexa 66214 

Tel: (913) 888-0212, 3, & 4 
TWX: 910-749-6412 


MARYLAND 

Glen White Associates 
57 West Timonium Road 
Timonium 21093 

Tel: (301) 252-6360 


Intel Corp.* 

57 West Timonium Road 
Suite 307 

Timonium 21093 

Tel: (301) 252-7742 
TWX: 710-232-1807 


MASSACHUSETTS 

Intel Corp.* 

187 Billerica Road, Suite 14A 
Chelmsford 01824 

Tel: (617) 256-6567 

TWX: 710-343-6333 


EUROPEAN MARKETING OFFICES 


BELGIUM 

Intel International * 
Rue du Moulin a Papier 
51-Boite 1 

B-1160 Brussels 

Tel: (02) 660 30 10 
TELEX: 24814 


FRANCE 

Intel Corporation, S.A.R.L.* 
74, Rue D'Arcueil 

Silic 223 

94528 Rungis Cedex 

Tel: (01) 687 22 21 
TELEX: 270475 


ORIENT MARKETING OFFICES 


JAPAN 

Intel Japan Corporation” 

Flower Hill-Shinmachi East Bldg. 
1-23-9, Shinmachi, Setagaya-ku 
Tokyo 154 

Tel: (03) 426-9261 

TELEX: 781-28426 


TAIWAN 

Taiwan Automation Co.* 
2nd Floor, 224 

Nanking East Road 
Section 3 

Taipei 

Tel: (02) 7710940-3 
TELEX: 11942 TAIAUTO 


INTERNATIONAL DISTRIBUTORS 


ARGENTINA 

S:1.E.S.A. 

Av. Pte. Rogue Saenz Pena 1142 9B 
1035 Buenos Aires 

Tel: 35-6784 


AUSTRALIA 

A. J. Ferguson (Adelaide) PTY, Ltd. 
44 Prospect Rd. 

Prospect 5082 

South Australia 17005 

Tel: 269-1244 

TELEX: 82635 


A. J. Ferguson Electronics 
34 Herbert Street 

West Ryde, N.S.W. 2114 
Tel: AC8 269-1244 
TELEX: 82635 


Warburton-Frankie (Sydney) Pty. Ltd. 
199 Parramatta Road 

Auburn, N.S.W. 2114 

Tel: 648-1711, 648-1381 

TELEX: WARFRAN AA 22265 


Warburton-Frankie Industries 
(Melbourne) Pty. Ltd. 

220 Park Street 

South Melbourne, Victoria 3205 


AUSTRIA 

Bacher Elektronische Gerate GmbH 
Meidlinger Hauptstrasse 78 

A 1120 Vienna 

Tel: (0222) 83 63 96 

TELEX: (01) 1532 


BELGIUM 

Inelco Belgium S.A. 
Avenue Val Duchesse, 3 
B-1160 Brussels 

Tel: (02) 660 00 12 
TELEX: 25441 


**Note New Telephone Number 


DENMARK 

Scandinavian Semiconductor 
Supply A/S 

Nannasgade 18 

DK-2200 Copenhagen N 

Tel: (01) 93 50 90 

TELEX: 19037 


FINLAND 

Oy Fintronic AB 
Loennrotinkatu 35D 
SF 00180 

Helsinki 18 

Tel: (90) 664 451 
TELEX: 12426 


FRANCE 

Tekelec Airtronic 
Cite des Bruyeres 
Rue Carle Vernet 
92310 Sevres 
Tel: (1) 027 75 35 
TELEX: 250997 


GERMANY 

Alfred Neye Enatachnik GmbH 
Schillerstrasse 14 

D-2085 Quickborn-Hamburg 
Tel: (04106) 6121 

TELEX: 02-13590 


Electronic 2000 Vertriebs GmbH 
Neumarkter Strasse 75 

D-8000 Muenchen 80 

Tel: (089) 434061 

TELEX: 522561 


Jermyn GmbH 
Postfach 1146 
D-6277 Kamberg 
Tel: (06434) 6005 
TELEX: 484426 


MICHIGAN 

Intel Corp. 

26500 Northwestern Hwy. 
Suite 401 

Southfield 48075 

Tel: (313) 353-0920 
TWX: 910-420-1212 
TELEX: 2 31143 


MINNESOTA 

Inte! Corp. 

8200 Normandale Avenue 
Suite 422 

Bloomington 55437 

Tel: (612) 835-6722 

TWX: 910-576-2867 


MISSOURI 


Technical Representatives, Inc. 


Trade Center Bidg. 

300 Brookes Drive, Suite 108 
Hazelwood 63042 

Tel: (314) 731-5200 

TWX: 910-762-0618 


NEW JERSEY 
Intel Corp. 

2 Kilmer Road 
Edison 08817 

Tel: (201) 985-9100 
TWX: 710-480-6238 


NEW YORK 

Intel Corp.* 

350 Vanderbilt Motor Pkwy. 
Suite 402 

Hauppauge 11787 

Tel: (516) 231-3300 
TWX: 510-227-6236 
Intel Corp. 

474 Thurston Road 
Rochester, N.Y. 14619 
Tel: (716) 328-7340 
TWX: 510-253-3841 


T-Squared 

4054 Newcourt Ave. 
Syracuse 13206 
Tel: (315) 463-8592 
TWX: 710 541-0554 


T-Squared 

640 Kreag Road 
P.O. Box W 
Pittsford 14534 
Tel: (716) 248-5005 
TELEX: 97-8289 


SCANDINAVIA 

Intel Scandinavia A/S* 
Lyngbyvej 32 2nd Floor 
DK-2100 Copenhagen East 
Denmark 

Tel: (01) 18 20 00 
TELEX: 19567 

Intel Sweden AB* 

Box 20092 

S-16120 Bromma 
Sweden 

Tel: (08) 98 53 90 
TELEX: 12261 


HONG KONG 

China Electronics 

Sea Bird House, 9th Floor 
22-28 Wyndham Street 
Hong Kong 


INDIA 

Electronics International 
128 Mahatma Gandhi Road 
Secunderabad 

Tel: 73720 

TELEX: 015-363 

CABLE: GUNTICO 


‘ISRAEL 


Eastronics Ltd.* 
11 Rozanis Street 
P.O. Box 39300 
Tel-Aviv 

Tel: 475151 
TELEX: 33638 


ITALY 

Eledra 3S S.P.A.* 

Viale Elvezia, 18 

20154 Milan, 

Tel: (02) 3493041 

TELEX: 39332 

Eledra 3S S.P.A.* 

Via Paolo Gaidano, 141 D 
10137 Torino 

TEL: (011) 30 97 097 - 30 97 114 
Eledra 3S S.P.A.* 

Via Giuseppe Valmarana, 63 
00139 Rome, Italy 

Tel: (06) 81 27 290 - 81 27 324 
TELEX: 63051 


JAPAN 

Pan Electron 

No. 1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel: (045) 471-8811 
TELEX: 781-4773 


NEW YORK (cont.) 

Intel Corp. 

85 Market Street 
Poughkeepsie, New York 12601 
Tel: (914) 473-2303 

TWX: 510-248-0060 


NORTH CAROLINA 

Glen White Associates 

3700 Computer Dr., Suite 330 
Raleigh 27609 

Tel: (919) 787-7016 


OHIO 

Intel Corp.* 

8312 North Main Street 
Dayton 45415 

Tel: (513) 890-5350 
TELEX: 288-004 


Intel Corp.* 
26250 Euclid Ave. 
Suite 531F 

Euclid 44132 

Tel: (216) 289-0101 


OREGON 

ES/Chase Company 

7100 S.W. Hampton Street 
Suite 121 

Portland 97223 

Tel: (503) 620-9616 


PENNSYLVANIA 

Intel Corp.* 

520 Pennsylvania Ave. 
Fort Washington 19034 
Tel: (215) 542-9444 
TWX: 510-661-0709 


TENNESSEE 

Glen White Associates 
Rt. #12, Norwood S/D 
Jonesboro 37659 

Tel: (615) 477-8850 
Glen White Associates 
2523 Howard Road 
Germantown 38138 
Tel: (901) 754-0483 


Glen White Associates 
6446 Ridge Lake Road 
Hixon 37343 

Tel: (615) 842-7799 


ENGLAND 

Intel Corporation (U.K.) Ltd.* 
Broadfield House 

4 Between Towns Road 
Cowley, Oxford OX4 3NB 
Tel: (0865) 77 14 31 

TELEX: 837203 


Intel Corporation (U.K.) Ltd. 
46-50 Beam Street 
Nantwich, Cheshire CW5 5LJ 
Tel: (0270) 62 65 60 

TELEX: 36620 


KOREA 

Koram Digital 

Sam Yung Bldg. #303 

71-2 Bukchang - Dong Chung-Ku 
Seoul 100 


JAPAN (cont.) 

Ryoyo Electric Corp. 

Konwa Bldg. 

1-12-22, Tsukiji, 1-Chome 
Chuo-Ku, Tokyo 104 

Tel: (03) 543-7711 

Nippon Micro Computer Co. Ltd. 
Mutsumi Bldg. 4-5-21 Kojimachi 
Chiyoda-ku, Tokyo 102 

Tel: (03) 230-0041 


NETHERLANDS 
Inelco Nederland 
AFD Elektronic 

Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel: (020) 934824 
TELEX: 14622 


NEW ZEALAND 

W. K. McLean Ltd. 

103-5 Felton Matthew Avenue 
Glenn Innes, Auckland 

Tel: 587-037 

TELEX: NZ2763 


NORWAY 

Nordisk Elektronik (Norge) A/S 
Mustads Vei 1 

N-Oslo 2 

Tel: (02) 55 38 93 

TELEX: 16963 


PORTUGAL 

Ditram 

Componentes E Electronica LDA 
Av. Miguel Bombarda, 133 
Lisboa 1 

Tel: 119 45 313 


SOUTH AFRICA 

Electronic Building Elements 
P.O. Box 4609 

Pretoria 

Tel: 78 92 21 

TELEX: 30181 


TEXAS 

Intel Corp. 

6776 S.W. Freeway 

Suite 550 

Houston 77074 

Tel: (713) 771-5781 
Mycrosystems Marketing Inc. 
13777 N. Central Expressway 
Suite 405 

Dallas 75243 

Tel: (214) 238-7157 

TWX: 910-867-4763 


Mycrosystems Marketing Inc. 
6610 Harwin Avenue, Suite 125 
Houston 77036 

Tel: (713) 783-2900 

Intel Corp.* 

2925 L.B.J. Freeway 

Suite 100 

Dallas 75234 

Tel: (214) 241-9521 

TWX: 910-860-5487 


VIRGINIA 


Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 

Tel: (804) 384-6920 


G!en White Associates 
Rt. #1, Box 322 
Colonial Beach 22443 
Tel: (804) 224-4871 


WASHINGTON 


E.S./Chase Co. 
P.O. Box 80903 
Seattle 98108 

Tel: (206) 762-4824 
Twx: 910-444-2298 


CANADA 


Intel Corp. 

70 Chamberlain Ave. 
Ottawa, Ontario K1S 1V9 
Tel: (613) 232-8576 
TELEX: 053-4419 
Multitek, Inc.* 

4 Barran Street 

Ottawa, Ontario K2J 1G2 
Tel: (613) 825-4553 
TELEX: 053-4585 


GERMANY 

Intel Semiconductor GmbH* 
Seidistrasse 27 

8000 Muenchen 2 

Tel: (089) 55 81 41 

TELEX: 523 177 


Intel Semiconductor GmbH 
Abraham Lincoln Strasse 30 
6200 Wiesbaden 1 

Tel: (06121) 74855 

TELEX: 04186183 

Intel Semiconductor GmbH 
Ernsthaldenstrasse 17 
D-7000 Stuttgart 80 

Tel: (0711) 7351506 
TELEX: 7255346 


Intel Semiconductor GmbH 
Wiesenweg 26 

D-6272 Niederhausen 

Tel: (06127) 2314 


SPAIN 

Interface 

Fonda San Pedro 22 
Barcelona 10 

Tel: 301 78 51 


SWEDEN 

Nordisk Electronik AB 
Fack 

S-10380 Stockholm 7 
Tel: (08) 248340 
TELEX: 10547 
SWITZERLAND 
Industrade AG 
Gemsenstrasse 2 
Postcheck 80 - 21190 
CH-8021 Zurich 

Tel: (01) 60 22 30 
TELEX: 56788 


UNITED KINGDOM 
Rapid Recall, Ltd. 
11-15 Betterton Street 
Drury Lane 

London WC2H 9BS 
Tel: (01) 379-6741 
TELEX: 28752 


G.E.C. Semiconductors Ltd. 
East Lane 
Wembley HA9 7PP 
Middlesex 

Tel: (01) 904-9303 
TELEX: 923429 
Jermyn Industries 
Vestry Estate 
Sevenoaks, Kent. 
Tel: (0732) 50144 
TELEX: 95142 


*Field Application Location 
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SILICON GATE MOS 


RANDOM ACCESS MEMORIES 


No. 
of Organi- 
Type Bits Description zation 


DYNAMIC RAMS 


Electrical Characteristics Over Temperature 


Access| Cycle 


Power 
Dissipation 
Max.!1] 
Operating/ 
Standby (mW) 


Supplies (V) 


geal 
Page 
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1103-1 
1103A 
1003A-1 
1103A-2 
2104A 
2104A-1 
2104A-2 
2104A-3 
2104A-4 
(S)2104A-1 
2104A-2 
2104A-3 
2104A-4 
2107C 
2107C-1 
2107C-2 


2107C-4 
2108-2 

2108-4 
2109-3 

2109-4 


2101A/8101A-4 
2101A-2 
2101A-4 

2102A/8102A-4 
2102A-2 
2102A-4 
2102AL 
2102AL-2 
2102AL-4 


2111A/8111A-4 


2111A-2 


2111A-4 


1024 | Dynamic Fully Decoded sozext | 


1024 | Dynamic Full Decoded 1024x1 | 18 | 


| 1024 | Dynamic Fully Decoded 1024x1 


1024 | Dynamic Fully Decoded 1024x1 18 | 
16-Pin Dynamic 4096x 
4096 | 16-Pin Dynamic 4096x 
4096 4096x 
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16-Pin Dynamic 
16-Pin Dynamic 


4096 4096x 
4096 4096x1 | 16 
4096 4096x 
4096 4096x 
4096 4096x 
4096 | 16-Pin Dynamic 4096x 
so | 
[4086 | 25m Dynamic —_———*d ae | a 


4096 | 22-Pin Dynamic 


16-Pin Dynamic 
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16-Pin Dynamic 
16-Pin Dynamic 
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8192 | 16-Pin Dynamic 
8192 | 16-Pin Dynamic 


16,384 | 16-Pin Dynamic 
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16,384 ‘ hee 
16,384] 16-Pin Dynamic i 1 


16,384} 16-Pin Dynamic : 1 
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1024 | Static, Separate I/O 
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1024 | Static, Common I/O with 256x4 18 
Output Deselect 

1024 | Static, Common 1/0 | 256x4 | 
Static, Common W/O 
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SCHOTTKY 


SILICON 
GATE CMOS 


BIPOLAR 


RANDOM ACCESS MEMORIES (Continued) 


STATIC RAMS (Continued) 


Electrical Characteristics | _—sElectrical Characteristics Over Temperature | _—sElectrical Characteristics Over Temperature 
Power 
Access Cycle Dissipation 
Max.!1] 
Organi- Operating/ Page 
Type Description zation Standby (mW) Supplies (V) No. 


2112A 


2112A-2 


2112A-4 


2114 
2114-2 
2114-3 
2114L 
2114L2 
2114L3 


1024 | Static, Common I/O without 256x4 
Output Deselect 

1024 | Static, Common I/O without 256x4 i 
Output Deselect 

1024 | Static, Common I/O without 256x4 450 
Output Deselect 


4096 | Static, Common 1/O 1024x4 


4096 | Static, Common 1/0 Tg = 1024x4 18 450 
55°C to +125°C 


2115A, 2125A 


2115A-2, 
2125A-2 


2115AL, 
2125AL 


2115AL-2, 
2125AL-2 


M2115AL, 1024 | Static, Three State 1024x1 16 3-104 
M2125AL 


2141-2 
2141-3 
2141-4 


2141-5 


2141L-3 
2141L-4 
2141L-5 

2142 
2142-2 
2142-3 
2142L 
2142L-2 
2142L-3 


pueiae | ome. | Static, with Cit Enable 1024x1 
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mc 
1024 | Static CMOS RAM 256x4 22 800 168/1 
(-55°C to 125°C) 
3-157 
Static CMOS RAM 256x4 800 168/400L.W 
(-55°C to 125°C) 


intel 


= Low Power Dissipation — Dissipates 
Power Primarily on Selected Chips 


=» Access Time — 300 nsec 
= Cycle Time — 580 nsec 


= Refresh Period...2 milliseconds 
forO—70°C Ambient 


= OR-Tie Capability 


1103 
1024 x 1 BIT DYNAMIC RAM 


= Simple Memory Expansion — 
Chip Enable Input Lead 


= Fully Decoded—on Chip Address 
Decode 


= Inputs Protected — All Inputs Have 
Protection Against Static Charge 


= Ceramic and Plastic Package -- 
18 Pin Dual In-Line Configuration. 


The Intel 1103 is designed primarily for main memory applications where high performance, 
low cost, and large bit storage are important design objectives. 

It is a 1024 word by 1 bit random access memory element using normally off P-channel 
MOS devices integrated on a monolithic array. It is fully decoded, permitting the use of an 
18 pin dual in-line package. It uses dynamic circuitry and primarily dissipates power only 


during precharge. 


Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is 
accomplished in 32 read cycles and is required every two milliseconds. 
A separate cenable (chip enable) lead allows easy selection of an individual package when 


outputs are OR-tied. 


The Intel 1103 is fabricated with silicon gate technology. This low threshold technology al- 
lows the design and production of higher performance MOS circuits and provides a higher 
functional density on a monolithic chip than conventional MOS technologies. 

Intel’s silicon gate technology also provides excellent protection against contamination. 
This permits the use of low cost plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL 


A3 18] READ/WRITE 


A, 1711) Veg 

Ay 16 |] CENABLE 

A, 15f A, 
PRECHARGE 14 1] DATA OUT 

Ag 137] Ag 

Ag 12 L] DATA IN 

As 1110 Vpp 

Ay 101] Vpp 


PIN NAMES 


Diy: DATA INPUT 
Ag—-Ag ADDRESS INPUTS 
R/W- READ/WRITE 


PRC PRECHARGE INPUT 
CE CHIP ENABLE 


Dour DATA OUTPUT 


3-4 


BLOCK DIAGRAM 


MEMORY MATRIX 
32 ROWS 
32 COLUMNS 
(1024 BITS) 


SELECTOR AMPLIFIERS 


DATA IN 

REFRESH AMPLIFIERS; ~ 

READ/WRITE COLUMN 
GATING 


Vag. 0———__> DATA OUT 


ee 32 


1 OF 32 
COLUMN SELECTOR 
LOGIC 0 = HIGH VOLTAGE 


LOGIC 1 = LOW VOLTAGE As Ag Az Ag Ag 


Yoo °C 
PRECHARGE o———————» 
CENABLE o———————» 
READMWRITE gQ——————> 


1103 


Maximum Guaranteed Ratings” 


Temperature Under Bias OFC to 70°C *COMMENT: 

Storage Temperature -65°C to +150°C Stresses above those listed under “Maximum Guaranteed 

All Input or Output Voltages with Rating’’ may cause permanent damage to the device. This is 
Respect to the Most Positive a stress rating only and functional operation of the device 
Supply Voltage, Vgp —25V to 0.3V at these or at any other condition above those indicated in 

Supply Voltages Vop and Veg the operational sections of this specification is not implied. 
with Respect to Vez —25V to 0.3V Exposure to absolute maximum rating conditions for ex- 

Power Dissipation 1.0 W tended periods may affect device reliability. 


D.C. and Operating Characteristics 
T, = 0°C to +70°C, Ve2’= 16V + 5%, (Vz, —Vog)'= 3V to 4V, Vp, = OV unless otherwise specified 


SYMBOL TEST MIN. TYP. MAX. UNIT CONDITIONS 


OUTPUT LEAKAGE CURRENT 1 


(2) | SUPPLY CURRENT DURING Tyo ALL ADDRESSES = OV 
PRECHARGE = OV 
CENABLE = Vg: Ta = 25°C 
ALL ADDRESSES = OV 
PRECHARGE = OV 
CENABLE = OV; Ty, = 25°C 


lb po (2) SUPPLY CURRENT DURING Toy, 


SUPPLY CURRENT DURING Tpoy 


mA | PRECHARGE = Veg 
CENABLE = OV; T, = 25°C 
lbp4(2)| SUPPLY CURRENT DURING Top 


3 4 mA | PRECHARGE = Vgg 
CENABLE = Vg: T , = 25°C 
Ib g?Ay | AVERAGE SUPPLY CURRENT 17 25 mA 


CYCLE TIME = 580 ns; PRECHARGE 
WIDTH = 190 ns; Ta = 25°C 
Vita’? | INPUT LOW VOLTAGE Vgg—17 Vgg—14.2} V 
(ALL ADDRESS & DATA-IN LINES) 
Vito'”) | INPUT LOW VOLTAGE Won —17 Vsg—14.5| V Ta = 70°C 
(ALL ADDRESS & DATA-IN LINES) 
Vitg”®)| INPUT LOW VOLTAGE (PRECHARGE Vgg—17 Vgg—14.7| V Ta = 0°C 
CENABLE & READ/WRITE INPUTS) 
Vita’ ®)| INPUT LOW VOLTAGE (PRECHARGE Vgg—17 Vgg—15.0| V Ta = 70°C 
CENABLE& READ/WRITE INPUTS) 
Vini!7) | INPUT HIGH VOLTAGE Vgs—1 Vss+1 V Ta = 0°C 
(ALL INPUTS) 
Vino!7) | INPUT HIGH VOLTAGE Vgg—0.7 Vogt : t= 40° 
(ALL INPUTS) 


OUTPUT HIGH CURRENT 600 900 4000 


OUTPUT HIGH CURRENT 800 4000 
OUTPUT LOW CURRENT See Note 3 
OUTPUT HIGH VOLTAGE 
OUTPUT HIGH VOLTAGE 
OUTPUT LOW VOLTAGE 


See Note 3 


Note 1: The Vgg current drain is equal to (Ipp + !oH) Or (Ipp + !oL)- 
Note 2: See Supply Current vs. Temperature (p. 3) for guaranteed current at the temperature extremes. These values are taken from a single pulse 
measurement. 


Note 3: The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the 
clocks. Vo, equals |o, across the load resistor. 

Note 4: This value of load resistance is used for measurement purposes. In applications the resistance may range from 1002 to 1 kQ. 

Note 5: This parameter is periodically sampled and is not 100% tested. 

Note 6: (Vgp— Vss) supply should be applied at or before Vgc. 

Note 7: The maximum values for Vj, and the minimum values for Vj}; are linearly related to temperature between O°C and 70°C. Thus any value 
in between O°C and 70°C can be calculated by using a straight-line relationship. 

Note 8: The maximum values for V\,; (for precharge, cenable & read/write) may be increased to Vgg—14.2 @ O°C and Vgg—14.5 @ 70°C (same 
values as those specified for the address & data-in lines) with a 40ns degradation (worst case) intac, tpc, tac, twc. trwe. tacc1 and tacco-: 
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1103 


Supply Current vs Temperature 


wo 
7 re 
; am 
q ¢ 8 
5 N 
: : : aw 
: Sf 
35 
0 25 
{| 
4.1 ae 
= = Se 
o hs 
| i 
1 
0 25 50 7 
T(?C} 
s s s = 10) 
Typical Characteristics freee 
ss . 


Vep—Vss = 3V 


Ipnp2=99 
< 
£E 
—< 
2 Ipp37"1 
Ippa=4 


TIME 
OPERATING 
REGION 


Tec Toy 'POV Top 


Tew+Tw 
Note 1. Alpp is due to charging of internal device node 
Capacitance at precharge 
Note 2. These values are taken from a single pulse measurement 


14 15 16 Le 18 1S 20 


33% DUTY CYCLE 
ON PRECHARGE 


AVG. Ipp (mA) 
I OH (mA) 


OPERATING 
REGION 


Vgg (VOLTS) 
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1103 


AC Characteristics 1, =0°c to 70°C, v,, 
READ, WRITE, AND READ/WRITE CYCLE 


TIME BETWEEN REFRESH 

ADDRESS TO CENABLE SET UP TIME 
CENABLE TO ADDRESS HOLD TIME 
PRECHARGE TO CENABLE DELAY 


= 16 + 5%, (Van —Veg) = 3.0V to 4.0V, V5, = OV 


CENABLE TO PRECHARGE DELAY 
PRECHARGE & CENABLE OVERLAP, LOW 
PRECHARGE & CENABLE OVERLAP, HIGH 


PRECHARGE & CENABLE OVERLAP, 
50% POINTS 


READ CYCLE 


SYMBOL TEST a UNIT CONDITIONS 


READ CYCLE 
PRECHARGE TO END OF CENABLE 


END OF PRECHARGE TO 
OUTPUT DELAY 


tr = 20 ns 
Croan = 100 pF 


Rioao = 1002 
Veer = 40 MV 


tacmin + tovimin 
+ tromax + 2 tr 


ADDRESS TO OUTPUT ACCESS 


tecmin + tovimin 
+ tromax + 2 tr 


PRECHARGE TO OUTPUT ACCESS 


WRITE OR READ/WRITE CYCLE 


SYMBOL TEST Lae UNIT CONDITIONS 


WRITE CYCLE 
tr = 20 ns 
READ/WRITE CYCLE 


PRECHARGE TO READ/WRITE DELAY 
READ/WRITE PULSE WIDTH 
READ/WRITE SET UP TIME 

DATA SET UP TIME 

DATA HOLD TIME 


END OF PRECHARGE TO 
OUTPUT DELAY 


RELATIONSHIP BETWEEN CENABLE AND 
READ/WRITE 


Croan = 100 pF 
Rioao = 1002 
Veer = 40 mV 


These times will degrade by 40 ns (worst case) if the maximum values for V\; (for precharge, cenable and read/write inputs) go to 
Vss—14.2V @ 09°C and Vgs—14.5V @ 70°C as defined on page 2. 


Note 1: 


*CAPACITANCE Ta=25°C 


ADDRESS CAPACITANCE Vin = Vss 


PRECHARGE CAPACITANCE 
CENABLE CAPACITANCE 
READ/WRITE CAPACITANCE 


DATA INPUT CAPACITANCE 


DATA INPUT CAPACITANCE 


DATA OUTPUT CAPACITANCE 


*This parameter is periodically sampled and is not 100% tested. They are measured at worst case 
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Vin = Vss 
Vin = Vss 
Vin = Vss 


CENABLE = 0V 
Vin = Vss 


CENABLE = Vss 
Vin = Vss 


Vour = OV 


operating conditions. 


Pins Are 
At A.C. 
Ground 


1103 


WRITE CYCLE OR READ/WRITE CYCLE 


Timing illustrated for minimum cycle. 


0 50 100 150 200 250 300 350 400 450 500 550 580 
| | | | | | | | | | | | 
two OR tawe —————_| > 


ADDRESS CAN CHANGE 


V, . 
1H 4 6 S ADDRESS 
ADDRESS 4h: CAN CHANGE 


SS 
Vit 


ADDRESS STABLE 


Vin 
PRECHARGE 
Vic 


Vin 
CENABLE 
Vit 


Vin 
READ/WRITE 


P| ~ ton 


Vv, 
1H 
DATA DATA CAN 4 IM 2 DATA CAN 
Vit 


—_— to, —————» L 
DATA ger 7 40m 
dail R «ine NOT VALID \ 
VoL LOAD 
Croan = 100 pF 0 
DATA OU 
{ace VALID 
——————SS TAGE? > 
ADDRESS CAN CHANGE 
Tre al = 


ADDRESS STABLE 


Vit 

Vin 
CENABLE 

Vit 


DATA OUT 
VALID 


= 


NOTE G) Vop + 2V 
NOTE (2) Veg — 2V 
NOTE 3. tpw IS REFERENCED TO POINT (1)OF THE RISING EDGE OF CENABLE OR READ/WRITE WHICHEVER OCCURS FIRST 
NOTE 4 tp, IS REFERENCED TO POINT (2) OF THE RISING EDGE OF CENABLE OR READ/WRITE WHICHEVER OCCURS FIRST 


fy IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS 
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1103-1 
1024 x 1 BIT DYNAMIC RAM 


The Inte? 1103-1 is a high speed 1024 bit dynamic random access memory and is the high speed version of the 
standard 1103. The DC and AC Characteristics for the 1103-1 are given in the following three pages. The ab- 
solute maximum ratings for the 1103-1 are the same as for the 1103 on page 3-4. 


=» Access Time — 150 nsec » Cycle Time —340 nsec 


S C. and Operating Characteristics 
= 0°C to +55°C, Vis = 19V + 5% (Veg — Ves) = 3V to 4V, Voo = OV unless otherwise specified) 


SYMBOL TEST unit] CONDITIONS 


INPUT LOAD CURRENT L Vin = OV 
(ALL INPUT PINS) 


OUTPUT LEAKAGE CURRENT Vour = OV 
Vis SUPPLY CURRENT 


SUPPLY CURRENT ALL ADDRESSES = 0V 
DURING Toc PRECHARGE = OV 
CENABLE =\\; 
T, = 25°C 


SUPPLY CURRENT , ALL ADDRESSES = OV 
DURING Toy PRECHARGE =0V 
CENABLE = 0V 
Ta = 25°C 


SUPPLY CURRENT ; PRECHARGE = V., 
DURING Troy CENABLE = OV 
T, = 25°C 


SUPPLY CURRENT : PRECHARGE = Vss 
DURING Tep CENABLE = \,, 
T, = 25°C 


AVERAGE SUPPLY CYCLE TIME = 340 ns 
CURRENT PRECHARGE WIDTH @50% 
105ns, T, = 25°C 


INPUT LOW VOLTAGE Vss— 20 Vss— 18 
INPUT HIGH VOLTAGE Vss— 1 Vss +1 
OUTPUT HIGH CURRENT 1150 1300 7000 
OUTPUT HIGH CURRENT 900 1150 7000 
OUTPUT LOW CURRENT See Note 3 
OUTPUT HIGH VOLTAGE 115 130 700 
OUTPUT HIGH VOLTAGE 90 115 700 
OUTPUT LOW VOLTAGE See Note 3 


Rises = 1000 


Note 1: The Vgs current drain is equal to (Ipp + lon) OF (Ipp + loL)- 

Note 2: See Supply Current vs. Temperature (p. 2-9)for guaranteed current at the temperature extremes. These values are taken from a single pulse 
measurement. 

Note 3: The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the 
clocks. Vo, equals Io4 across the load resistor. 

Note 4: This value of load resistance is used for measurement purposes. In applications the resistance may range from 10022 to 1 kQ. 

Note 5: This parameter is periodically sampled anid is not 100% tested. 

Note 6: (Vgpg— Vsg) supply should be applied at or before Vgc. 
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1103-1 


AC Characteristics (1, = 0°C to 55°C, V., = 19 + 5%, Vag — Veg = 3.0V to 4.0V, V,, = OV) 


READ, WRITE, AND READ/WRITE CYCLE 


SYMBOL TEST a UNIT CONDITIONS 


TIME BETWEEN REFRESH 

ADDRESS TO CENABLE SET UP TIME 
CENABLE TO ADDRESS HOLD TIME 
PRECHARGE TO CENABLE DELAY 
CENABLE TO PRECHARGE DELAY 
PRECHARGE & CENABLE OVERLAP, LOW 
PRECHARGE & CENABLE OVERLAP, HIGH 


PRECHARGE & CENABLE OVERLAP, 
50% POINTS 


READ CYCLE 
PRECHARGE TO END OF CENABLE 


END OF PRECHARGE TO 
OUTPUT DELAY 


ADDRESS TO OUTPUT ACCESS 


PRECHARGE TO OUTPUT ACCESS 


WRITE CYCLE 

READ/WRITE CYCLE 

PRECHARGE. TO READ/WRITE DELAY 
READ/WRITE PULSE WIDTH 
READ/WRITE SET UP TIME 

DATA SET UP TIME 

DATA HOLD TIME 


END OF PRECHARGE TO 
OUTPUT DELAY 


RELATIONSHIP BETWEEN CENABLE 
AND READ/WRITE 


tr = 20 ns 


Croan = 50 pF 
Rioao = 1002 
Vece = 80 mV 


tacmin + tovimin +. teomax — 2 tr 


Croan = 50 pF 
Rioan = 1002 
Veer = 80 mV 


tecmin  tovimin + tromax + 2 tr 
Croan = 50 pF 
Rioad = 1002 
Veer = 80 mV 


Croao,= 50 pF 
Rioao = 1002 
Veer = 80 MV 


NOTE 1: These times will degrade by 35 nsec if a Vpef point of*40 mV is chosen instead of the 80 mV point defined in the spec, 


*CAPACITANCE Ta = 25°C 


ADDRESS CAPACITANCE 
PRECHARGE CAPACITANCE 
CENABLE CAPACITANCE 
READ/WRITE CAPACITANCE 


DATA INPUT CAPACITANCE 


DATA INPUT CAPACITANCE 


DATA OUTPUT CAPACITANCE 


*This parameter is periodically sampled and is not 100% tested. They are measured at worst case operating conditions. 
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Vin — Vss 
Vin = Vss 
Vin a Vs 
Vin = Vss Pins Are 


CENABLE = ov| 4tA-- 
Vin = Vis Ground 


CENABLE = V5; 


Vin = Vss 


Vour = OV 


1103-1 


WRITE OR READ/WRITE CYCLE 


———— (ia ORE —— 
wc RWC 
| ADDRESS CAN CHANGE 
Vin 4“ . 
2) ADDR 
ADDRESS 4 (7) ADDRESS STABLE > ns 
Vit 
— tovy 
Vv <—_— tap — a 
” ss tovm 
PRECHARGE 
' —— 
Vin 
CENABLE 
Vit 
Vin } 
READ/WRITE | 
Vit | 
| > |e toy (Note 4) 
Vj 
1H 
DATA DATA CAN | | TABLE DATA TI Daten en 
IN CHANGE [ eek & . in CHANGE 
Vit 
sma“ eee ra 
DATA CLoap = 50pF 
OUT Rioap = 1002 NOT VALID \ 
Vou Veer = 80mV 
ADDRESS CAN CHANGE 
tre ag 
Vin ‘4 
(2) A 
ADDRESS 4 oO ADDRESS STABLE > aa ecstee 
V 
IL 
eae | ton | 
Vi < Tac > 
PRECHARGE 
Vit 
Vin 
CENABLE 
Vit 
tov |< ——_—____—————_ tooy ————— 
Vin 
READ/WRITE 
Vit 
Vou 
DATA 7 
CLOAD = 50 pF ‘\ 
OUT RLOAD = 1002 all 
Vou VREF = 80 mV 
DATA OUT 
————_————_——————— ———_——_— ere —— 
SS Tacci VALID 
OEE ee LNCS OO eee 


NOTE @) Vpp + 2V 
NOTE @) Veg — 2V 
NOTE 3. tow IS REFERENCED TO POINT (1) OF THE RISING EDGE OF CHIP ENABLE OR READ/WRITE WHICHEVER OCCURS FIRST 
NOTE 4. tp, IS REFERENCED TO POINT @) OF THE RISING EDGE OF CHIP ENABLE OR READ/WRITE WHICHEVER OCCURS FIRST 


ic IS DEFINED AS THE TRANSITIONS BETWEEN THESE TWO POINTS 
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intal 
1103A 
1024 x 1 BIT DYNAMIC RAM 


* No Precharge Required -- Critical 
Precharge Timing is Eliminated 


" Electrically Equivalent to 1103 -- 
Pin-for-Pin/Functionally 
Compatible 


= Fast Access Time -- 205ns max. 


" Low Standby Power Dissipa- 
tion -- 2 uW/Bit typical 


" Address Registers 
Incorporated on the Chip 


= Simple Memory Expansion -- 
Chip Enable Input Lead 


" Inputs Protected -- All Inputs 
Have Protection Against 
Static Charge 


= Ceramic and Plastic 
Package --18-Pin DIP 


The 1103A is a 1024 word by 1 bit dynamic RAM. It is designed primarily for main memory applications 
where high performance, low cost, and large bit storage are important design objectives. The 1103A is elec- 
trically equivalent to the 1103. 


1103A systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and 
critical overlap timing. Only one external clock, CENABLE, is required. 


Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing Ag to Aq) and is required every two milliseconds. The memory may be used in a low 
power standby mode by having cenable at Vcs potential. 


The 1103A is fabricated with silicon gate technology. This low threshold technology allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip 


than conventional MOS technologies. 


PIN CONFIGURATION LOGIC SYMBOL 


A, (41 18) READMWRITE 
A, Lj2 17 [LJ Veg 

A, Li3 16 |] CENABLE 
A, (44 is [) A, 

N.c. C] 5 14 [] DATA OUT 
A, L}6 13 LJ Ag 

A, C47 12 LJ DATA IN 

A, L}8 111} Vop 


PIN NAMES 


_oe DATA INPUT 


NO EXTERNAL CONNECTION 


REQUIRED (INTERNALLY 


NOT CONNECTED) 
CHIP |CE = CHIPENABLE = 
DATA eas 


Ag-Ag winnl INPUTS 


[RW -READ/WRITE ae 
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BLOCK DIAGRAM 


ral 

LATCH 1 -B HH, 
AND 

ral -B HH, 


Ves O———>- 

Vss O-—-—-__—_—— 
_———— 
CENABLE O——————>- 
READ/WRITE O——> 


LOGIC 0 = HIGH VOLTAGE 
LOGIC 1 = LOW VOLTAGE 


= MATRIX: 


32 ROWS 
32 COLUMNS 
(1024 = 


REFRESH 
AMPLIFIERS | © DIN 
READ/WRITE 
COLUMN — 
GATING 0 Dout 


F22 


1 OF 32 
COLUMN 
SELECTOR 


16 
ADDRESS LATCH 
AND INVERTERS 


O © O 
As Ag Az Ag Ag 


1103A 


Absolute Maximum Ratings” 


Temperature Under Bias) cao. cnc cianecthavanakun eh wav eed wan sand ew ee ee eee ea ea eee ee Des 0°C to 70°C 

SOT CRCT cl, ee ee ee —65°C to +150°C 

All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vag .--.---- ee eee ee eee —25V to 0.3V 

Supply Voltages Vpp and Veg with Respect to Vag .-- 22 eee ee ee eee eee eee eee eres —25V to 0.3V 

PaWer DSSIOAGN shad oe S Ee -05 GE Ss FEMS He PA EMEWEDR RES SEE ER OTE UE OED Ow Oe ee ee 1.0W 
*COMMENT: 


Stresses above those listed under "Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


D. C. and Operating Characteristics 
Ta = 0°C to +70°C, Vo! = 16V + 5%, (Veg —Ves ) 21 = 3y to 4V, Vpp = OV unless otherwise specified. 


ly Input Load Current (All Input 
Pins) 


Output Leakage Current 
ak Supply Current 


— Current During Cenable 


Supply Current During Cenable 0.1 4 mA 
Off 


Average Supply Current 17 25 mA 


Input Low Voltage Vop —1 Vop +1 V 
Input High Voltage Vsg —1 Vog +1 V 


lous Output High Current 600 1800 4000 UA 


Output High Current 500 1500 4000 
Output Low Current See Note Three | | 
Output High Voltage 60 180 400 


NOTES: 

1. The Vgg current drain is equal to (Ipp + IOH) or (Ipp + !oL). 

2. (VgB —Vss) supply should be applied at or before Vgs. 

3. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the clocks. 
VOL equals IQ, across the load resistor. 

4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 1002 to 1kQ. 


Cenable = OV; T, = 25°C 


Cenable = Vgg; Ta = 25°C 


Cycle Time = 580ns; T, = 25°C 


Rioapi4! = 1002 
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Supply Current vs Temperature 


Ipp1 (mA) 


ia ian i 


0 25 
T(°C) 


Typical Characteristics 


OUTPUT HIGH CURRENT 
VS. SUPPLY VOLTAGE 


lou (mA) 


AVERAGE Ipp VS. 
SUPPLY VOLTAGE 


Vss (V) 


1103A 
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lp VS. CENABLE 


CENABLE 


INTERNAL 
= 60 PRECHARGING 
£ = INTERNAL CURRENT 
> 40 TIMING 
zc) DRIVER 


CURRENT Ipp, 
| 


TIME 


AVERAGE Ipp VS. 
1103A CYCLE TIME 


AVERAGE Ipp (mA) 
o 8 
ims 


3.0 40 5.0 6.0 


CYCLE TIME (us) 


1103A 


A.C. Characteristics 1, = 0°C to 70°C, Veg = 16V + 5%, (Vag —Vsg ) = 3.0V to 4.0V, Vpp = OV 
READ, WRITE, AND READ/WRITE CYCLE 


Address to Cenable Set Up 
Time 


Ri oap = 1002 
+] Vpee =40mV 


ADDRESS TO OUTPUT =f 
ACCESS 


AC MIN 


10 

80 

Data Set Up Time 105 

Data Hold Time | 10 
Cioap = 100PF; Ry gap = 1002 


Output Dela 
WAe = 40mV 
Read/Write to Cenable 


Typ. Plastic Pkg. Ceramic Pkg. 
Plastic Max. M 


ax. 
22 25 8 
4 5 5 
2 4 5 


1 pF 
2 pF 

7, pF Cenable = OV unused pins are 
6. 


NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions. 
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1103A 


WRITE CYCLE OR READ/WRITE CYCLE 


Timing illustrated for minimum cycle. 


0 50 100 150 200 250 300 350 400 450 500 550 600 
| | | | | | | | | | | | 


twey OR t aye — A _ ra 


oN 
Q) 
o ADDRESS 
ADDRESS ial ADDRESS STABLE D ADDRESS CAN CHANGE C : STABLE 
D 
Vin = 


Vin 
CENABLE 

Vit 

twe 

Vin 
READ/WRITE 

Vit 

> <— Tie 

Vi 
a a bein eananene (| S$ Sesecauianiee: 

Vit ) 
spe eaenaeens DATA OUT 
DATA OUT Vrer=40mV NOT VALID \ 

Vv Rioap = 1002 

ma CLoap = 100pF 
SS DATA OUT VALID 
tacc -_ OO 
0 50 100 150 200 250 300 350 400 450 500 550 600 
| | | | | | | | | | | | 
tac | 
Vin 


ADDRESS CAN CHANGE 


2) 
ADDRESS 4 =, ADDRESS STABLE » 4 ae 
YD 
Vit 


F| tac 
Vin 
CENABLE 
Vit 
twe twH 
A tery 
Vin 
READ/WRITE \ 
Vou 
———— x 
DATA OUT \ 
V, 
F CLoap = 100 pF 
DATA OUT VALID 
tace ———————— 
NOTES: 
V + 2V . _ ; 
Ves. ov tT is defined as the transition between these two points. 


3. tpw is referenced to point 1 of the rising edge of cenable or Read/Write, whichever occurs first. 
4. tpH is referenced to point 2 of the rising edge of Read/Write. 
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intel 
1103-1 
1024 x 1 BIT DYNAMIC RAM 


" High Speed 1103A — Access Time — 145ns/Cycle Time—340 ns 


* No Precharge Required -- Critical = Simple Memory Expansion -- 
Precharge Timing is Eliminated Chip Enable Input Lead 

=" Low Standby Power Dissipa- = Inputs Protected -- All Inputs 
tion-- 0.2 pW/Bit Typical Have Protection Against 


Static Charge 
= Address Registers 


Incorporated on the Chip = Standard 18-Pin Dual 
In-Line Packages 


The Intel°1103A-1 is a high speed 1024 bit dynamic random access memory and is the fastest version of the 
standard 1103A. It is designed primarily for main memory applications where high performance, low cost, and 
large bit storage are important design objectives. 

1103A-1 systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and 
critical overlap timing. Only one external clock, CENABLE, is required. 


Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing Ag to Aq) and is required every one millisecond. The memory may be used in a low 
power standby mode by having cenable at Vss_ potential. 

The 1103A-1 is fabricated with silicon gate technology. This low threshold technology allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip 
than conventional MOS technologies. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
A, if] 18 R/W — as 
IN 
A ADDRESS MEMORY MATRIX: 
A, 2 t | 17 Vg A, ~ LATCH 16 L ee 32 prcpeel 64 32 ROWS 
1103A-1 A30 ABD SELECTOR AMPLIFIERS 32 COLUMNS 
A 3U 1] 16 CENABLE As o_] INVERTERS (1024 BITS) 
A, 4U 15 A, 64 
N.c. 5[ 14 Dour ‘i AMPLIFIERS i 
READ/WRITE 
Ag 6 13 Ag COLUMN — 
GATING OUT 
A, 7U 12 Diy Veg O———> 
As 8{ 11 Vop Mig Beate: 
Oo 
A, 9U J 10 Ve, Vop 
CENABLE O———_> 
PIN NAMES READ/WRITE O———> 


LOGIC 0 = HIGH VOLTAGE 
LOGIC 1 = LOW VOLTAGE 


ADDRESS LATCH 
AND INVERTERS 


) @ O) O) ® 
As Ag Az Ag Ag 


DIN DATA INPUT NC NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 
NOT CONNECTED) 

Ap-Ag ADDRESS INPUTS || CE CHIP ENABLE 

R/W_READ/WRITE Bout DATA OUTPUT 
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1103A-1 


Absolute Maximum Ratings” 


Teniperanare Under Bias ccc cio sa cewen bec uwe eee chee ewebteend eG cece ste wewoenedeendun 0°C to 70°C 
See Mec ct, ee a ee —65°C to +150 °C 
All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vag .---- +--+ ee ee ee eee —25V to 0.3V 
Supply Voltages Vo5 and Veg with Respect to Vog «sss c css as eka ce ete s etna a eebewe ease esanea —25V to 0.3V 
Power DO eOAO  4 6.5.16-e se bok ee OOS SO HS ORE GRS HANES OO GEE SM ew eds Oo ewe Ree dan es 1.0W 
“COMMENT: 


Stresses above those listed under "Absolute Maximum Ra tings’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


D. C. and Operating Characteristics 
Ta =0°C to + 55°C, Veg!) = 19V + 5%, (Van —Vos )!2! = 3V to 4V, Vpp = OV unless otherwise specified. 


Cenable = OV; T, = 25°C 
Supply Current During Cenable i ; Cenable = Vgg ; Ta = 25°C 
Off 


Average Supply Current 


Input Low Voltage 


Input High Voltage 


lows Output High Current 1150 1800 7000 
Output High Current 900 1600 7000 
See Note Three Rioapl4) = 1002 
Vow See Note Three 


NOTES: 

1. The Vgg current drain is equal to (Ipp + IQH) or (Ippo + !oL). 

2. (VgpB —Vgss) supply should be applied at or before Vss. 

3. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the clocks. 
VOL equals Io, across the load resistor. 

4. This value of load resistance is used for measurement purposes, In applications the resistance may range from 1002 to 1kQ. 
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1103A-1 


A.C. Characteristics T, = 0°C to 55°C, Vss = 19V +5%, (Vag —Vss )=3.0V to 4.0V, Vpp = OV. 


READ, WRITE, AND READ/WRITE CYCLE 


Symbol Conditions 
Time Between Refresh 


Address to Cenable Set Up 


Time 


om Address Hold Time 


Cenable Off Time 


READ CYCLE 


tee | Read Cycle = 
—_ Cenable on Time Ci oap= SOpF 


ADDRESS TO OUTPUT =tromin t| Vaer = 80mV 


ACCESS 


Write Cycle 
Read/Write Cycle 


Cenable to Read/Write Delay 


Read/Write Pulse Width 
Read/Write Set al Time 


Typ. Plastic Pkg. Ceramic Pkg. 
Plastic Max. 


f =1MHz. All 


unused pins are 


at A.C. ground. 


NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case Operating conditions. 
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1103A-1 


WRITE CYCLE OR READ/WRITE CYCLE 


twcy ORt RWC —_—_—_—_————— nn nn nn gw» 


ADDRESS CAN CHANGE 


(2) ‘4 ADDRESS 

ADDRESS q) ADDRESS STABLE STABLE 

Vv TY 

IL 
—> 

Vin 
CENABLE 

V, 

twe 


Vin 
READ/WRITE 
Vie 
> ton 
Vin 
patail —_ eee (| 2} canis cok Set 
Vit 
Vou — os ee ee os oe oa 
narra DATA OUT 
DATA OUT Vrer=40mV NOT VALID Me 
Vv Rioap = 1002 
i CLoap = 100pF 
SP DATA OUT VALID 
tacc —_—_—_—_—_—_—_—_—_—_—_—____ 
eee nee | 
Vin 


D 
ADDRESS 
ADDRESS 4« ADDRESS STABLE e ADDRESS CAN CHANGE g STABLE 
Ne 
Vin 
> tac 


CENABLE 

Vit 

twe twH 
——————— tHcy 

Vin 
READ/WRITE \ 

Vou 
a x 
DATA OUT Var = 40mV N\ 

R LOAD = 1002 
Vou Croab = 100 pF 
DATA OUT VALID 
tace ————_______—_———_———_ 
NOTES: 
V + 2V . = Ze ‘ 
vired ov } tT is defined as the transition between these two points, 
Ss — 


3. tpw is referenced to point 1 of the rising edge of cenable or Read/Write, whichever occurs first. 
4. tpH is referenced to point 2 of.the rising edge of Read/Write. 
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1103A-1 


Supply Current vs Temperature 


\ “70. Vss = 20V 
NY, Ves —Vbs = 3V 


“ 
GUARANTEED 


Ipp1 (mA) 


0 25 50 
fT rel 
Typical Characteristics 
OUTPUT HIGH CURRENT AVERAGE Ipp VS. 
VS. SUPPLY VOLTAGE SUPPLY VOLTAGE 


q 
E 
=> Qa 
<x 2 
£ ws 
= oO 
Xs) @ 
pee) 
> 
<q 
OPERATING _— TIME = 340ns 
REGION 
AVERAGE lop VS. 
CYCLE TIME lbp VS. CENABLE 
a 
£ CENABLE 
Qa 
x) 
Ww 
ro) 
< 
ec 
S$ 
a 70 INTERNAL 
60 4 PRECHARGING 
INTERNAL CURRENT 


TIMING 

DRIVER 

CURRENT | 
OD1 


t 


a 
oO 


CYCLE TIME (ys) TIME 


intel 
1103A-2 
1024 x 1 BIT DYNAMIC RAM 


= High Speed 1103A — Access Time — 145ns/ Cycle Time—400ns 


* No Precharge Required -- Critical = Simple Memory Expansion -- 
Precharge Timing is Eliminated Chip Enable Input Lead 

" Low Standby Power Dissipa- = Inputs Protected -- All Inputs 
tion -- 0.2 uW/Bit Typical Have Protection Against 


Static Charge 
= Address Registers 


Incorporated on the Chip " Standard 18-Pin Dual 
In-Line Packages 


The Intel°1130A-2 is a high speed 1024 bit dynamic random access memory and is the 400ns cycle time version 
of the standard 1103A. It is designed primarily for main memory applications where high performance, low cost, 
and large bit storage are important design objectives. 

1103A-2 systems may be simplified due to the elimination of the precharge clock, its associated circuitry, and 
critical overlap timing. Only one external clock, CENABLE, is required. 

Information stored in the memory is non-destructively read. Refreshing of all 1024 bits is accomplished in 32 
read cycles (addressing Ag to Aq) and is required every one-millisecond. The memory may be used in a low 
power standby mode by having cenable at Veés_ potential. 

The 1103A-2 is fabricated with silicon gate technology. This low threshold technology allows the design and 
production of higher performance MOS circuits and provides a higher functional density on a monolithic chip 
than conventional MOS technologies. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


Ago 
MEMORY MATRIX: 

hyent MOURESS || yore ia) neane lee 
A20 goes ROW WRITE 32 ROWS 
A ELECTOR AMPLIFIERS 32 COLUMNS 

3 O—T INVERTERS SELEC Tbe BINS 
A, O | 

Fes 


R/W 


Vss 


1103A-2 


CENABLE 


Ay 
— REFRESH -O 
OUT AMPLIFIERS Din 
Pp READ/WRITE 
8 COLUMN 
GATING 0 Dout 
Din Vgg O-———>- 
$32 
Vpp Vss O———— 
Vp): OO 1 OF 32 
t} 10 Veg COLUMN 
CENABLE O————> SELECTOR 
PIN NAMES READ/WRITE O———>> 


LOGIC 0 = HIGH VOLTAGE 
LOGIC 1 = LOW VOLTAGE 


ADDRESS LATCH 
AND INVERTERS 


© © O O O 
As Ag Az Ag Ag 


Din DATA INPUT NC NO EXTERNAL CONNECTION 
REQUIRED (INTERNALLY 
NOT CONNECTED) 

Ag-Ag ADDRESS INPUTS || CE CHIP ENABLE 

R/W READ/WRITE DouT DATA OUTPUT 
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1103A-2 


Absolute Maximum Ratings* 


Tamperature Under Bias ..ceccca nce rcew ew emcee dew eee anes enna ne wee ewan eneerierceeres 0°C to 70°C 
Storage Teriperature «fs ccuv cineca kaw vse deed oe ee ee ERO EEE EKER ERO ee —65°C to +150 °C 
All Input or Output Voltages with Respect to the most Positive Supply Voltage, Vpn ....------ eee eee eee —25V to 0.3V 
Supply Voltages Vap5 and Vee with Respect to Veg -- 2-0-5 ce eee b eee cba eee eee eee rete ew eee —25V to 0.3V 
Power DiSSSUG 2 ck ees heh HES KBD HS EASE EEE EMER HERR HE DETER RED HER REO KR ERE SH OE EDS ODS 1.0W 
“COMMENT: 


Stresses above those listed under "Absolute Maximum Ratings . may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


D. C. and Operating Characteristics 
Ta=0°C to + 55°C, Veg [1 = 19V + 5%, (Ven —Vss [2] =3V to 4V, Vpp = OV unless otherwise specified. 


Conditions 


Input Low Voltage 
Vi Input High Voltage Vsg —1 


Pr ‘Output High Current 1150 1800 7000 uA 


FOuputtow Curent | «See Now Tee | 
Output High Voltage 


NOTES: 

1. The Vsg current drain is equal to (Ipp + IOH) or (Ipp + Io). 

2. (Vgp —Vss) supply should be applied at or before Vss. 

3. The output current when reading a low output is the leakage current of the 1103 plus external noise coupled into the output line from the clocks. 
VOL equals Io, across the load resistor. 

4. This value of load resistance is used for measurement purposes. In applications the resistance may range from 1002 to 1kQ. 
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1103A-2 


A.C. Characteristics T, = 0°C to 55°C, Vsg = 19V +5%, (Van —Vss )=3.0V to 4.0V, Vpp = OV. 
READ, WRITE, AND READ/WRITE CYCLE Refer to page 2-23 for definitions. 


Conditions 


Time Between Refresh 


Address to Cenable Set Up 
Time 
Address Hold Time 
Cenable Off Time 


READ CYCLE 


ee 7 Read Cycle 3 
Ea E: 


base ADDRESS TO OUTPUT acc =tacmin + | VRer = 80mV 
ACCESS 


Read/Write Hold Time 


WRITE OR READ/WRITE CYCLE 


Write Cycle 
Read/Write Cycle 400 
Cenable to Read/Write Delay | 140 


Read/Write Pulse Width 
Read/Write Set Up Time 


Data Set Up Time 
tco 


t 60 
RC 
toy CenableonTime 40 500 Cioap= 5SOpF 
Cenable Output Delay 125 Rioap = 10022 
30 


Data Hold Time 


Output Delay V = 80mV 
REF 


Read/Write to Cenable 


CAPACITANCE!1! T, = 25°C 


Typ. Plastic Pkg. Ceramic Pkg. 


Address Capacitance 
Cenable Capacitance 
Read/Write Capacitance f =1MHz. All 


Cina Data Input Capacitance 4 5 ; Cenablie = OV unused pins are 


Vin = Vss at A.C. ground. 


Data Input Capacitance 
Data Output Capacitance 


NOTES: 1. These parameters are periodically sampled and are not 100% tested. They are measured at worst case operating conditions. 
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Supply Current vs Temperature 


Ipp1 (mA) 


Typical Characteristics 


lon (mA) 


AVERAGE Ipp (mA) 


OUTPUT HIGH CURRENT 
VS. SUPPLY VOLTAGE 


AVERAGE Ipp VS. 
CYCLE TIME 


CYCLE TIME (us) 


1103A-2 
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AVERAGE Ipp VS. 
SUPPLY VOLTAGE 


_~ 28 

Z 

£E 

Q 

2 

oO 

q 24 

c 

Ww 

S 

q 

20 
16 
17 18 19 20 21 
Vss (V) 
i VS. CENABLE 
DD 

CENABLE 

70 INTERNAL 
= 6 PRECHARGING 
— 50 INTERNAL i cd 
> 640 TIMING | 
So ~ DRIVER — 

CURRENT pp, 
20 l 'pp2 
10 co 


intel 
2101A/8101A-4* 
256 X 4 BIT STATIC RAM 


2101A-2 250 ns Max. 
2101A 350 ns Max. 
2101A-4 450 ns Max. 
256 x 4 Organization to Meet Needs for = Inputs Protected: All Inputs Have Pro- 
Small System Memories tection Against Static Charge 
m Single +5V Supply Voltage = Low Cost Packaging: 22 Pin Plastic Dual 
= Directly TTL Compatible: All Inputs and In-Line Configuration 
Output = Low Power: Typically 150 mW 
= Statis MOS: No Clocks or Refreshing = Three-State Output: OR-Tie Capability 
Required = Output Disable Provided for Ease of Use 
= Simple Memory Expansion: Chip Enable in Common Data Bus Systems 


Input 


The Intel® 2101A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated ona 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is 
read out nondestructively and has the same polarity as the input data. 


The 2101A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables allow easy selection of 
an individual package when outputs are OR-tied. An output disable is provided so that data inputs and outputs can be tied for 
common I/O systems. The output disable function eliminates the need for bi-directional logic in a common I/O system. 


The Intel® 2101A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 


Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
ms = + maa 
(3) 
A1 0 zz 
A2 2 > oa ae eo 
@) 32 COLUMNS 
A3 0 — 
A4 2 > 


COLUMN 1/0 CIRCUITS 


@ 
Diy 0 od 
‘®) INPUT K a 
Di2 © > ae DATA > © DO} 
©) CONTROL @ 
Di3 © > | Bb —o DO? 
@s) (4) 
DI4 © > | © DO3 
CE2 CE1 TB @, DO4 
_ 9 
PIN NAMES ar; = 
DI,-Dl, DATA INPUT CE, CHIP ENABLE 2 CE, 
Ay-A7 ADDRESS INPUTS oD OUTPUT DISABLE WE 29) a O = PIN NUMBERS 


WE WRITE ENABLE DO,-DO, DATA OUTPUT 
CE, CHIP ENABLE 1 Veco POWER (+5V) 


*All 8101A-4 specs are identical to the 2101A-4 specs. 
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2101A FAMILY 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: 

Stresses above those listed under ‘Absolute Maximum 
Ambient Temperature Under Bias... .. -10°C to 80°C Rating'' may cause permanent damage to the device. This 
Storage Temperature ........... -65°C to +150°C is a stress rating only and functional operation of the de- 


; vice at these or at any other condition above those indi- 

Voltage On Any Pin ; ; ; ; aa 
With R G q 0.5V to +7V cated in the operational sections of this specification Is 
en On ee Pe SAS SG “a a not implied. Exposure to absolute maximum rating con- 
Power Dissipation .............2000 00s 1 Watt ditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 70°C, Vee = 5V +5% unless otherwise specified. 


lu Input Current "1" a Sed i aS Vin = 0 to §.25V 
lece Data Output Leakage Current a Output Disabled, Voyt=4.0V 


LLOL Data Output Leakage Current | at | 10 Output Disabled, Voy7=0.45V 


lect Power Supply ; . Vin = 5.25V, lo = OmA 
Current . Ta = 25°C 


lens Power Supply - 2101A, 2101A-4 2 | Viy = 5.25V, lo = OmA 
Current 2101A-2 }__{____} 7 | Ta =0°C 
Vin Input ‘High’ Voltage pe Vv — 
VoL Output ‘““Low”’ Voltage +0.45 lo, = 2.0mA 
Vou Output “High” 2101A, 2101A-2 seh lon = -200uA 
TYPICAL D.C. CHARACTERISTICS 
OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


AMBIENT TEMPERATURE AMBIENT TEMPERATURE = .7) 


aaal_ 
Nena 

wo Wit Et 
HN 


lon (mA) 
lot (mA) 


Von (VOLTS) Vo. (VOLTS) 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
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2101A FAMILY 


A.C. CHARACTERISTICS FOR 2101A-2 (250 ns ACCESS TIME) 
READ CYCLE Ty =0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


Test Conditions 


t,, ts = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C; = 100pF. 


Test Conditions 


t,, ts = 20ns 

Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

S and C; = 100pF. 


Symbol Parameter | Min. | Typ} Max. | Unit 
ta | AecessTime SSS 
tos | Data Ovinutto Miah 2Swe Of 180 | os 
a 
after change of Address 
WRITE CYCLE 
symbol | Parameter |__| Typ| Max. | Unit 
tos Output Disable Setup | 20 {| «| [ons | 


CAPACITANCE ~ 1, = 25°C, f= 1MHz 


Limits (pF) 


Input Capacitance 


(All Input Pins) Viny = OV 4 


Output Capacitance Voyt = OV | 8 | 


WAVEFORMS 
READ CYCLE 


Symbol Test 


ADDRESS 


3. tpfF is with respect to the trailing edge of CE, CE2, 
or OD, whichever occurs first. 
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. Typical values are for Ta = 25° C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 


WRITE CYCLE 


ADDRESS 


4. OD should be tied low for separate !/O operation. 


2101A FAMILY 


2101A (350 ns ACCESS TIME) 
A.C. CHARACTERISTICS 
READCYCLE Ta =0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


Symbol | Parameter =| Min. Typ. | Max. | Unit Test Conditions 

ta | AccessTime = | se Bia 

tco | ChipEnableToOutppt =| 240 oe Input Levels = 0.8V or 2.0V 

top Output Disable To Output pape | FB ns Timing Reference = 1.5V 

tor [2] Data Output to High Z State | 0 | Load = 1 TTL Gate 
Min. | 


Ww 
oi 
oO 
n 


B a a 
n 


i 
o1 
nn 


. 4) 


Previous Read Data Valid and C, = 100pF. 


t 
cid after change of Address 


WRITE CYCLE 


Symbol Parameter 
twec Write Cycle 220 


n 


= Unit Test Conditions 


ta a ta t= 20s 
tow 200 | | | ns | Input Levels = 0.8V or 2.0V 
we | WitePuke ——SSSS* «00s | and Cy = 1000 


2101A-4 (450 ns ACCESS TIME) 


A.C. CHARACTERISTICS 
READCYCLE Ty =0°Cto 70°C, Vcc = 5V +5%, unless otherwise specified. 


Parameter 
Read Cycle 


Test Conditions 


t,, te = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C, = 100pF. 


Previous Read Data Valid 
after change of Address 


Unit Test Conditions 


-_ 
a 
— 


n 


t,, ts = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C, = 100pF. 


~ 


tow Data Setup 250 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. tpF is with respect to the trailing edge of CE,, CE, or OD, whichever occurs first. 


S 


n 


UL Max. | Unit | 
is 
[as 
[| ns 
ee 
ee 
ae oe 


In 
2102A, 2102AL/8102A-4* 
1K x 1 BIT STATIC RAM 


Standby Pwr. | Operating Pwr. 
(mW) (mW) 


Access 


(ns) 


2102AL-4 450 
2102AL 350 
2102AL-2 250 
2102A-2 250 
2102A 350 


2102A-4 


a Single +5 Volts Supply Voltage 


= Directly TTL Compatible: All 
Inputs and Output 


» Standby Power Mode (2102AL) 


» Three-State Output: OR-Tie 
Capability 


a Inputs Protected: All Inputs 
Have Protection Against Static 
Charge 


=» Low Cost Packaging: 16 Pin 
Dual-In-Line Configuration 


The Intel® 2102A is a high speed 1024 word by one bit static random access memory element using N-channel MOS devices 
integrated on a monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to 
operate. The data is read out nondestructively and has the same polarity as the input data. 


The 2102A is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. A low standby power version (2102AL) is also available. It has all the same operating 
characteristics of the 2102A with the added feature of 35mW maximum power dissipation in standby and 174mW in operations. 


It is directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip enable (CE) lead allows 
easy selection of an individual package when outputs are OR-tied. 


The Intel® 2102A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance easy to use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 


PIN 


CONFIGURATION LOGIC SYMBOL 


BLOCK DIAGRAM 


PIN NAMES 


“0 Ver 


—-—O GND 


DATA INPUT 


———— es A,O 


ADDRESS INPUTS 


READ/WRITE INPUT 


CELL 
ARRAY 


ROW 
SELECTOR 


DATA OUT 


32 ROWS 
32 COLUMNS 


on OO fF WH 


CHIP ENABLE 

DATA IN DATA OUTPUT A30 
Vec POWER (+5V) 

GND Aa 


COLUMN 1/0 CIRCUITS 


TRUTH TABLE 


COLUMN SELECTOR 


al 


= hee ee eee oe ee ee ee 
Dout 


NOT SELECTED 


WRITE “0” 


WRITE “1” 
READ C)- PIN NUMBERS 


*All 8102A-4 specifications are identical to the 2102A-4 specifications. 
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2102A FAMILY 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias -10°C to 80°C 
Storage Temperature —65°C to +150°C 


Voltage On Any Pin 
With Respect To Ground 


Power Dissipation 


—0.5V to +7V 
1 Watt 


D. C. and Operating Characteristics 


*COMMENT: 


Stresses above those listed under ‘‘Absolute Maximum Rating” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or 
at any other condition above those indicated in the opera- 
tional sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may 
affect device reliability. 


Ta = 0°C to 70°C, Vec = 5V +5% unless otherwise specified. 


2102A, 2102A-4 

2102AL, 2102AL-4 
Limits 

Typ.{1] Max. 


ly Input Load Current 


1LOH Output Leakage Current 


2102A-2, 2102AL-2 
Limits, 
Min. Typ.{1] Max. | Unit | Test Conditions 
uA | Vin = 0 to 5.25V 
WA | CE=2.0V, 
Vout = Vou 
UA 


ILOL Output Leakage Current CE = 2.0V, 
Vout = 0.4V 
lcc All Inputs = 5.25V, 


Data Out Open, 
Ta = o°Cc 


Vit 


V 
ViH Input High Voltage 2.0 , V 


Notes: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. The maximum Icc value is 55mA for the 2102A and 2102A-4, and 33mA for the 2102AL and 2102AL-4. 


Standby Characteristics 2102AL, 2102AL-2, and 2102AL-4 (Available only in the Plastic Package) 


Ta = 0°C to 70°C 


1.5V <Vpp< 2.0V 
lpo1__| Standby Current a 


Ipp2 Standby Current 20 30 a All Inputs = Vpp2=2.0V 


tall | Standby RecoveryTime | trot tre 


STANDBY WAVEFORMS 


2102AL-2 


2102AL, 2102AL-4 


NOTES: 

1. Typical values are for Ta = 25°C. 

2. Consider the test conditions as shown: If the stand- 
by voltage (Vpp) is between 5.25V (Vcc Max.) and 
2.0V, then CE must be held at 2.0V Min. (Vj). If 
the standby voltage is less than 2.0V but greater than 
1.5V (Vpp Min.), then CE and standby voltage 
must be at least the same value or, if they are dif- 
ferent, CE must be the more positive of the two. 

3. tR=trRe (READ CYCLE TIME). 


STANDBY MODE 


2102A FAMILY 


A. C. Characteristics T, =O0°C to 70°C, V.. = 5V +5% unless otherwise specified 


READ CYCLE 
2102A-2, 2102AL-2} 2102A, 2102AL | 2102A-4, 2102AL-4 
Limits (ns) Limits (ns) Limits (ns) 
Symbol Parameter Min. Max. | Min. Max. 
tre Read Cycle 250 350 450 


ta Access Time 250 350 450 
tco Chip Enable to Output Time 230 


toH1 | Previous Read Data Valid with 40 
Respect to Address 


toH2 | Previous Read Data Valid with 
Respect to Chip Enable 
WRITE CYCLE 


taw Address to Write Setup Time 


oO 


£ 
oO 


ie) 
. 

N 

© 


tow Chip Enable to Write Setup 180 250 300 
Time 


LIMITS (pF) 


A.C. CONDITIONS OF TEST SYMBOL 


Typ. [1] 
Input Pulse Levels: 0.8 Volt to 2.0 Volt 
Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 3 
Timing Measurement Inputs: 1.5 Volts (ALL INPUT PINS) V,j,; = OV 
Reference Levels Output: 0.8 and 2.0 Volts OUTPUT CAPACITANCE 
: = F _ 
Output Load 1 TTL Gate and Cy = 100p Vout = OV 
Waveforms 
READ CYCLE WRITE CYCLE 


tke— 


CHIP CHIP 


ENABLE ENABLE 
‘oH? 
. Zz 
ATA 
‘oun cm cae 
3) 
@) 15 VOLTS hi tow 
2) 2.0 VOLTS 
) O8VOLTS DATA DATA CAN DATA CAN 


IN CHANGE CHANGE 


DATA STABLE 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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2102A FAMILY 


Typical D. C. and A. C. Characteristics 


POWER SUPPLY CURRENT VS. 
AMBIENT TEMPERATURE 


loc (mA) 
loc (mA) 


Viy (VOLTS) 
lo, (mA) 


ACCESS TIME VS. 
AMBIENT TEMPERATURE 


1 TTL LOAD 
C, = 100pF 


ty (ns) 


ta (ns) 
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POWER SUPPLY CURRENT VS. 
SUPPLY VOLTAGE 


Veg (VOLTS) 


OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 


Vo, (VOLTS) 


ACCESS TIME VS. 
LOAD CAPACITANCE 


| eae 


OUTPUT REFERENCE LEVEL = 1.5V 


intel 


M2102A-4 
1K x 1 BIT STATIC RAM 


=» 10% Vcc Supply Tolerance =» Three State Output: OR-Tie 
= Directly TTL Compatible: All Capability 
Inputs and Output » 16 Pin Hermetic Dual-In-Line 
= Low Power: 385mW Max. Package 
The Intel® M2102A is a high speed 1K x 1 RAM specified over the -55°C to +125°C temperature range. The RAM uses fully DC 


stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is read out nondestructively and has 
the same polarity as the input data. 


The Intel® M2102A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 


PIN CONFIGURATION LOGIC SYMBOL ABSOLUTE MAXIMUM RATINGS* 
A, Ambient Temperature Under Bias . . —65°C to +135°C 
As Storage Temperature .......... —65°C to +150°C 
Ag Voltage On Any Pin 
CE With Respect to Ground ........ —0.6V to +7V 


DATA OUT 
DATA IN 


Power Dissipation 


*COMMENT 

Stresses above those listed under ‘’Absolute Maximum Rating”’ 
may cause permanent damage to the device. This is astressrat- - 
ing only and functional operation of the device at these or at any 
other condition above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device 
reliability. 


Vec 
GND 


ON DO FF WHY 


TRUTH TABLE 


D. C. and Operating Characteristics T, = -55°C to +125°C, Vcc = 5V + 10% unless otherwise specified 


Symbol Parameter Unit | Test Conditions 


ly Input Load Current Vin = Oto 5.5V 


lLOH Output Leakage Current CE =Min. Vin» Vout = Von 


LOL Output Leakage Current CE = Min. Vin , Vout = 0.45V 


All Inputs = 5.5V, 
Data Out Open, Ta = 25°C 


or All Inputs = 5.5V, , 
Data Out Open, Ta =-55 C 


lec Power Supply Current 


—_ 
= 
Icc2 Power Supply Current 4 


VIL Input ‘Low’ Voltage 
Vio Input “‘High” Voltage 


VOL Output “‘Low”’ Voltage lo. = 2.1 mA 


VoH Output ‘‘High’”’ Voltage lon = -100 uA 
NOTE 1. Typical values are for Ta = 25°C and nominal supply voltage. 
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A.C. Characteristics 1, = -55°c to +125°C, Voc = 


5V + 10% unless otherwise specified 


M2102A-4 Limits (ns) 


Parameter 
Min. Max. 
READ CYCLE 
a tco Chip Enable to Output Time 230 
WRITE CYCLE 


A.C. CONDITIONS OF TEST 


Capacitance”’T, = 25°C, f= 1MHz 


SYMBOL 
Input Pulse Levels: 0.8 Volt to 2.0 Volt 
Input Rise and Fall Times: 10nsec Cin INPUT CAPACITANCE 
Timing Measurement Inputs: 1.5 Volts (ALL INPUT PINS) Vin = OV 
Reference Levels Output: 0.8 and 2.0 Volts 


Output Load: 


1 TTL Gate and C, = 100 pF 


Waveforms 


READ CYCLE 


ADDRESS 


CHIP CHIP 
ENABLE ENABLE 
DATA READ/ 
OUT WRITE 


WRITE CYCLE 


ADDRESS 


(@) 1.5 VOLTS tow 

2) 2.0 VOLTS 

= DATA DATA CAN SATA STABLE DATA CAN 
3) 0.8 VOLTS IN CHANGE CHANGE 


NOTES: 


1. Typical values are for Ta = 25° C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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4096 x 1 BIT DYNAMIC RAM 


Max. Access Time (ns) | 150 =| = 200 || so 300 
Read, Write Cycle (ns) | 320 375 375 425 


= Highest Density 4K RAM Industry Stan- @ Refresh Period: 2 ms 


dard 16 Pin Package # On-Chip Latches for Addresses, Chip 
@ Low Power 4K RAM: 462mW Operating Select and Data !n 
27mW Standby = Simple Memory Expansion: Chip Select 
@ All Inputs Including Clocks TTL = Output is Three-State, TTL Compatible; 
Compatible Data is Latched and Valid into Next Cycle 
@ +10% Tolerance on All Power Supplies # RAS-Only Refresh Operation 


+12V, +5V, -5V 


The Intel® 2104A is a 4096 word by 1 bit MOS RAM fabricated with N-channel silicon gate technology for high performance 
and high functional density. 

The efficient design of the 2104A allows it to be packaged in the industry standard 16 pin dual-in-line package. The 16 pin 
package provides the highest system bit densities and is compatible with widely available automated handling equipment. 
The use of the 16 pin package is made possible by multiplexing the 12 address bits (required to address 1 of 4096 bits) into 
the 2104A on 6 address input pins. The two 6 bit address words are latched into the 2104A by the two TTL clocks, Row 


Address Strobe (RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the 
multiplexing technique while maintaining high performance. 


A new unique dynamic storage cell provides high speed along with low power dissipation and wide voltage margins. The 
memory cell requires refreshing for data retention. Refreshing is most easily accomplished by performing a RAS-only 
refresh cycle or read cycle at each of the 64 row addresses every 2 milliseconds. 


The 2104A is designed for page mode operation, RAS-only refresh, and CAS-only deselect. 


PIN CONFIGURATION LOGIC DIAGRAM BLOCK DIAGRAM 


Pr = 


OUTPUT 
LATCH AND 
BUFFER 


ADDRESS 
BUS 


> 
N 


> 
w 


> 
a 


= 
2 
= 
> 
= 
m 
7) 
& 


4096 BIT 
STORAGE ARRAY 


COLUMN ADDRESS STROBE 
CHIP SELECT 
Voo 
Vss 


1 OF 64 
ROW DECODER 


POWER (+12V) 
GROUND 


CLOCK 
GENERATOR NO. 1 


RAS__-ROWADDRESSTROBE [Sd 
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ABSOLUTE MAXIMUM RATINGS” 


-10°C to +80°C 
-65°C to +150°C 


Ambient Temperature Under Bias 
Storage Temperature 
Voltage on any Pin Relative to Vgp 


oseevee#e sv e @ © w @ 


(Vss - Vag 24.5V) .......222005. -0.3V to +20V 
Power Dissipation ............00 000 ee ee ae 1.0W 
Data Out Cuorrent <..608sce sae ene wee wees 50 mA 


“COMMENT: 


Stresses above those listed under ''Absolute Maximum Rat- 
ings'' may cause permanent damage to the device. This isa 
stress rating only and functional operation of the device at 
these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS! 
Ta = 0° to 70°C, Vpp = +12V +10%, Voc = +5V +10%, Vag = -5V +10%, Veg = OV, unless otherwise noted. 


Limits 


Symbol Parameter 


Iu 


Ipp1! [3] Vop Standby Current 
IBB2 Operating Vgg | Operating Vgg Current = 


min. | Typ. | Max. | Unit 
enercn Te a eae ios 


IlLol Output Leakage Current for 10 
High Impedance State 
Chip deselected prior 
0.7 Vop = 12.6V 
Tar [is cua 


0 


Conditions 


Chip deselected: RAS and CAS at Vin 
Vout = Oto 5. a 


ES Vop = 13.2V See Note 5. 


mA $6047 tRc = tRC MIN 
tRc = tRc MIN 


tRc = tRC MIN 


ara $6049, S6050 


Ce oe ee Min cycle time. Ta = 0°C 


lec /4 Vec Supply Current when 
Deselected 


tRc = tRC MIN 
tRc = tRc MIN 


lpp3 Operating Vpp Current 
(RAS-only cycle) $6049, S6050 
ViH Input High Voltage 


(Ag-As, Din, CS) 


PY 


Vinc Input High Voltage 
tiie CAS, WE) 


VoL Output Low Output Low Voltage 
VOH Output High Voltage 


CAPACITANCE! 1, = 25°C 


Symbol Test Typ. Max Conditions 
Ci Input Capacitance (Ap-As, Din, CS) 3 7 Vin = Vss 
Ci2 Input Capacitance (RAS, WRITE) pF Vin = Vss 
Notes: 1. All voltages referenced to Vss. The only requirement for the sequence of applying voltages to the device is that Vpp, Vcc, and 
Vss should never be 0.3V or more negative than Vggp. After the application of supply voltages or after extended periods of opera- 
tion without clocks, the device must perform a minimum of one initialization cycle (any valid memory cycles containing both RAS 
and CAS) prior to normal operation. 
2. Typical values are for Ta = 25°C and nominal power supply voltages. 
3. The Ipp current flows to Vss. 
4. When chip is selected Vcc supply current is dependent on output loading. 1. VCC is connected to output buffer only. 
5. The chip is deselected; i.e., output is brought to high impedance state by CAS-only cycle or by a read cycle with CS at ViIH- 
6. Capacitance measured with Boonton Meter. 
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A.C.CHARACTERISTICS| |“ 


Ta =0°C to 70°C, Vpp=12V +10%, Vec=5V +10%, Vgg=-5V +10%, Vsg=OV, unless otherwise noted. 


READ, WRITE, AND READ MODIFY WRITE CYCLES 


$6047 $6048 $6049 $6050 Unit 
Min. Max. Min. Max. Min. Max. Min. Max. 


tRP 


trcp/sl to CAS Delay Time 20 50 25 65 35 5 80 135 ns 


Symbol Parameter 


Dy} OF D 
> > 
n n 
uv 
x 
@ 
ie) 
> iy 
® 
= 
© 
o 
e. 
=| 
oO 
fo) 
oO 
_ 
NO 
© 
_— 
N 
o 
—_ 
N 
on 
3 
nn 


tRSH 


taR RAS to Address or CS Hold Time | 95 1200 
taSR Row Address Set-Up Time 0 pO 


2) 
> 
” 
3 

By) 
> 
” 


D 
> 
n 
Bm i 
2 
a 
= 
3 
oO 
° 
ro) 
a 


tcacl45] Access Time From CAS 
tracl4l Access Time From RAS 


os 
iAH | Column Addressor@SwodTime——SS«dY SSC*dSC ee 
[Access TimeFrom GAS SS*Y STOO 65 | 
p50 | 


READ CYCLE 


$6047 
Parameter Min. Max. Min. Max. 


Min. Max. 

150 10000 | 200 10000 300 10000 
ae 

| oF 

| 10 


$6047 $6048 $6049 $6050 
ax. | Min. Max. Min. Max. Unit 
150 10000 300 10000 ns 


Unit 


= 
= 
= 
a 
x 


D 
@ 
= 
Q 
° 
=| 
D 
© 
® 
Q 
Q 
= 
® 
'?) 
< 
& 
© 
4 
3 
© 


10 


Parameter 


= 


= 
= 
a 
a 


x 


WwW 
oO 
=) 
no 


west 
WCH 
CCF 
(WP 
tRWL Write Command to RAS Lead Time 

iDs 


NOTES: 

1. All voltages referenced to Vgs. 

2. A.C. Characteristics assume tT = 5ns. 

3. tRCD(MAX) is specified as a reference point only; if tkcp < tRCD(MAX) access time is trac, if tRcp > tRcD(MAX) 
access time is tRCD + tcac. 

. Load = 2 TTL loads and 100pF. 

. Assumes tRcp 2 tRCD(MAX)- 

. Ina write cycle with twos 2 twCs(MIN) the cycle is an early write cycle and DoyrT will be data written into the selected cell 


(DouT = DIN). If tewp 2 tcwD(MIN) 29d trwp 2 tRWD(MIN) the cycle is a read-modify-write cycle and 
DoOuT will be data from the selected address read. If neither of the above conditions are satisfied, DoUT 
is indeterminate. 


= 
~ N 
oO io) 
= 
fe?) 
oO 
w = 
oO o1 
=) =) 
(74) yn 


ous 
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WAVEFORMS 


READ CYCLE ,,.. 
RAS 
Viv 
ViHC 
CAS 
Vit 
tase tRaH * tasc 
Mu 
NYA ROW 7 x COLUMN 
AnD RES: aX ADDRESS ADDRESS 
iL 
Vin 
e B — 
Vie , 
tres trou 
VIHC OV. ~ 
= Vin | o 
«< trac INS 
tcac 
V 
, OH HIGH IMPEDANCE 
OUT 
Vor 


tec 


tras —»| |<——— tp 


WRITE CYCLE 


Vi 


D 
“ 


; trcp tase ——____—_—> 
IHC 
_ ANNE 7) 

iL tons q top 

teaHy———> 

Min \7 
ROW \7 COLUMN 
eoonesss KP @ nobis X X | seit | Xx | 
“ ecne a 


a | @ Am 
_ Peed 


cs naw ee 
towL 
Vinc twes tweou 
we @ [| 
Mit - 


Vou = =O HIGH IMPEDANCE Ce ae 
Dose i, I, (4) DATA OUT 
RAS-ONLY REFRESH CYCLE 


Vid @ 
ROW K/ 
REERESOES CO pooness } 
Vv {N ADDRESS rN, 


Vou 


Dout 
VoL 


(See next page for notes) 
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A.C.CHARACTERISTICS!"®! 
Ta = 0° to 70°C, Vpp=12V +10%, Vec=5V +10%, Vag =-5V +10%, Veg=OV,unless otherwise noted. 
READ-MODIFY-WRITE CYCLE 


$6050 
Symbol Parameter Min. Max, | Unit 
trwc Read Modify Write Cycle Time!2! 575 ns 
trRRw RMW Cycle RAS Width 165 10,000 | 220 10,000 | 265 £10,000 | 385 10,000] ns 
iy RMW Cycle RAS Lead Time 70 130 ns 
tcwL Write Command to CAS Lead Time 50 70 | 85 130 ns 
trcs Read Command Set-Up Time 0 fo © ff os 0 ns 
tawplé] | RAS to WE Delay p10 145 175 250 Ns 
WAVEFORMS 
READ-MODIFY-WRITE CYCLE 
tawe 
._ - tap——> 
Vitc 
. Vin © @ 
= ‘one 
——_— trcp tcrw 
ViHc : ' 
— ONWNie D 
_—— tRwe << tcp —_—___> 
tasr tasc | a I toaH tow. 
Vin , 
i Oe Oe a 
(2) tec 
Vin 
= ON f 
RL eee 
” <+—— ‘we 
IHC - 
tps (5) ou) 
V, 
1H \4 (1) DATAIN “K/ 
On rr re Cee. 
trac (2) 
tcac tboH 
Vou “OFF HIGH 
Dour .. = IMPEDANCE (6) a N 


Notes: 1,2. 


VIHMIN Or VIHCMIN 24nd Vi_mMAx are reference levels for measuring timing of input signals. 


3,4. VOHMIN 2nd VoLMAX are reference levels for measuring timing of DouT. 

5. Referenced to CAS or WE, whichever occurs last. 

6. Inawrite cycle with twos 2 twCs(MIN) the cycle is an early write cycle and DoUT will be data written into the selected cell 
(DouT = DIN). If tewp 2 tewD(MIN) 4nd trwp 2 tRWD(MIN) the cycle is a read-modify-write cycle and DoyT will be 
data from the selected address read. If neither of the above conditions are satisfied, DOUT is indeterminate. 

7. All voltages referenced to Vss. 

8. A.C. Characteristics assume tT = 5ns. 


2104A 


TYPICAL CHARACTERISTICS 


TYPICAL Igg2 AND Ipp2 
VS. TEMPERATURE 


Ipp2 (mA) 
'BB2 (HA) 
Ipp2 (mA) 


TEMPERATURE (°C) 


APPLICATIONS 
ADDRESSING 


Two externally applied negative going TTL clocks, Row 
Address Strobe (RAS), and Column Address Strobe 
(CAS), are used to strobe the two sets of 6 addresses into 
internal address buffer registers. The first clock, RAS, 
strobes in the six low order addresses (Ao-As) which 
selects one of 64 rows and begins the timing which 
enables the column sense amplifiers. The second clock, 
CAS, strobes in the six high order addresses (A¢-A11) to 
select one of 64 column sense amplifiers and Chip Select 
(CS) which enables the data out buffer. 


TYPICAL Igg2 AND Ipp2 
VS. CYCLE TIME 


Tcyc_e (ns) 


An address map of the 2104A is shown below. Address “‘0’" 


corresponds to all addresses at V;,. All addresses are 
sequentially located on the chip. 


2104A Address Map 


ARRAY 
(DATA IN) 


x 
wi 
ja) 
° 
oO 
Ww 
(a) 
= 
re) 
c 


DATA CYCLES/TIMING 


A memory cycle begins with addresses stable and a 
negative transition of RAS. See the waveforms on page 4. 
It is not necessary to know whether a Read or Write cycle 
is to be performed until CAS becomes valid. 


Note that Chip Select (CS) does not have to be valid until 
the second clock, CAS. It is, therefore, possible to start a 
memory cycle before it is known which device must be 
selected. This can result in a significant improvement in 
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TYPICAL ACCESS TIME 
VS. TEMPERATURE 


12.0V 
-5.0V 
25°C 

200 ns 


VoD 
VBB 
TA 
tCAS = 


Vpp = 10.8V 
Ves = -5.5V 


trcD = 100 ns 


Ipp2 (uA) 
trac (ns) 


TEMPERATURE (°C) 


system access time since the decode time for chip select 
does not enter into the calculation for access time. 


Both the RAS and CAS clocks are TTL compatible and do 
not require level shifting and driving at high voltage MOS 
levels. Buffers internal to the 2104A convert the TTL level 
signals to MOS levels inside the device. Therefore, the 
delay associated with external TTL-MOS level converters 
is not added to the 2104A system access time. 


READ CYCLE 


A Read cycle is performed by maintaining Write Enable 
(WE) high during CAS. The output pin of aselected device 
will unconditionally go to a high impedance state 
immediately following the leading edge of CAS and 
remain in this state until valid data appears at the output at 
access time. The selected output data is internally latched 
and will remain valid for at least tpoH max. A Subsequent 
CAS must be given to the device either by a Read, Write, 
Read-Modify-Write, CAS-only or RAS/CAS refresh cycle. 


Device access time, tacc, is the longer of two calculated 
intervals: 


1. tacc = trac OR 2. tacc = trcp + tcac 


Access time from RAS, trac, and access time from CAS, 
tcac, are device parameters. RAS to CAS delay time, trcp, 
is a system dependent timing parameter. For example, 
substituting the device parameters to the S6050 yields: 


3. tacc = trac = 300ns for 80nsec < trcp < 135nsec 
OR 
4. tacc = trcp + tcac = trcp + 165ns for trcp > 135ns. 


2104A FAMILY 


Note that if 80nsec < trcp < 135nsec, device access time is 
determined by equation 3 and is equal to trac. If tacp > 
135ns, access time is determined by equation 4. This 55ns 
interval (shown in the trcp inequality in equation 3) in 
which the falling edge of CAS can occur without affecting 
access time is provided to allow for system timing skew in 
the generation of CAS. This allowance for a trcp skew is 
designed in at the device level to allow minimum access 
times to be achieved in practical system designs. 


WRITE CYCLE 


A Write Cycle is generally performed by bringing Write 
Enable (WE) low before CAS. Dov twill be the data written 
into the cell addressed. If WE goes low after CAS but tcwp 
< tcwD MIN and trwo < trwpd MIN, DouT will be 
indeterminate. 

READ-MODIFY-WRITE CYCLE 

A Read-Modify-Write Cycle is performed by bringing 
Write Enable (WE) low during a selected RAS/CAS cycle 
with tawp 2 tRWD MIN and tcwp 2 tcwp MIN. Data in must be 
valid at or before the falling edge of WE. In a read-modify- 
write cycle DoutT is data read from the selected cell and 
does not change during the modify-write portion of the 
cycle. 


CAS ONLY (DESELECT) CYCLE 


In some applications, it is desirable to be able to deselect 
all memory devices without running a regular memory 
cycle. This may be accomplished with the 2104A by _Per- 
forming a CAS- -Only Cycle. Receipt of a CAS without RAS 
deselects the 2104A and forces the Data Output to the 
high-impedance state. This places the 2104A in its lowest 
power, standby condition. Ipp will be about twice |pp1 for 
the first cycle of CAS- -only deselection and Ipp 1 for any 
additional CAS- only cycles. The cycle timing and CAS 
timing should be just as if a normal RAS/CAS cycle was 
being performed. 


CHIP SELECTION/DESELECTION 
The 2104A is selected by driving CS low during a Read, 


RAS/CAS CYCLE CAS ONLY CYCLE 
0 100 200 300 400 500 600 700 800 900 1000(ns) 


xD 
” 


(mA) +20 


TYPICAL SUPPLY CURRENTS VS. TIME 


Write, or Read-Modify-Write cycle. A device is deselected 
by 1) driving CS high during a Read, Write, or Read- 
Modify-Write cycle or 2) performing a CAS Only cycle 
independent of the state of CS. 


REFRESH CYCLES 


Each of the 64 rows internal to the 2104A must be 
refreshed every 2 msec to maintain data. Any cycle (Read, 
Write, Read-Modify-Write, RAS-only refresh) refreshes 
the entire selected row (defined by the low order row 
addresses). The refresh operation is independent of the 
state of chip select. It is evident, of course, that if a Write or 
Read-Modify-Write cycle is used to refresh a row, the de- 
vice should be deselected (CS high) if it is desired not to 
change the state of the selected cell. 


RAS/CAS TIMING 


The device clocks, RAS and CAS, control operation of the 
2104A. The timing of each clock and the timing 
relationships of the two clocks must be understood by the 
user in order to obtain maximum performance in a 
memory system. 


The RAS and CAS have minimum pulse widths as defined 
by tras and tcas respectively. These minimum pulse 
widths must be maintained for proper device operation 
and data integrity. A cycle, once begun by driving RAS 
and/or CAS low must not be ended or aborted prior to 
fulfilling the minimum clock signal pulse width(s). A new 
cycle must not begin until the minimum precharge time, 
trp, has been met. 


PAGE MODE OPERATION 


The 2104A is designed for page mode operation. Product 
tested to page mode operating specifications are available 
upon request. 


POWER SUPPLY 


Typical power supply current waveforms versus time are 
shown below for both a RAS/CAS cycle and a CAS only 
cycle. Ipp and Igg current surges at RAS and CAS edges 
make adequate decoupling of these supplies important. Due 
to the high frequency noise component content of the cur- 
rent waveforms, the decoupling capacitors should be low 
inductance, ceramic units selected for their high frequency 
performance. 


It is recommended that a 0.1 uF ceramic capacitor be con- 
nected between Vpp and Vszg at every other device in the 
memory array. A 0.1 uF ceramic capacitor should also be 
connected between Vgpg and Vsg at every other device 
(preferably the alternate devices to the Vopp decoupling). 
For each 16 devices, a 10 uF tantalum or equivalent capaci- 
tor should be connected between Vpp and Vsg near the 
array. An equal or slightly smaller bulk capacitor is also 
recommended between Vggp and Vgg for every 32 devices. 


A 0.01 uF ceramic capacitor is recommended between Vcc 
and Vs at every eighth device to prevent noise coupling to 
the Vcc line which may affect the TTL peripheral logic in 
the system. 
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Due to the high frequency characteristics of the current 
waveforms, the inductance of the power supply distribution 
system on the array board should be minimized. It is 
recommended that the Vpp, Vgg, and Vss supply lines be 


gridded both horizontally and vertically at each device in 
the array. This technique allows use of double-sided circuit 
boards with noise performance equal to or better than 
multi-layered circuit boards. 


Din DPoutT 


DECOUPLING CAPACITORS 
D = 0.1 uF to Vpp TO Vss 
B = 0.1 uF Veg TOVss 

C = 0.01 uF Veco TO Vss 
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4096 x 1 BIT DYNAMIC RAM 


Max. IDD (mA) 


= Highest Density 4K RAM Industry Stan- m™ Refresh Period: 2 ms 


dard 16 Pin Package = On-Chip Latches for Addresses, Chip 
m@ Low Power 4K RAM Select and Data !n 
@ All Inputs Including Clocks TTL = Simple Memory Expansion: Chip Select 
Compatible = Output is Three-State, TTL Compatible; 
™@ Standard Power Supplies: Data is Latched and Valid into Next Cycle 
+12V, +5V, -SV = Compatible with Intel® 2116 16K RAM 


The Intel® 2104A is a 4096 word by 1 bit MOS RAM fabricated with N-channel silicon gate technology for high performance 
and high functional density. 


The efficient design of the 2104A allows it to be packaged in the industry standard 16 pin dual-in-line package. The 16 pin 
package provides the highest system bit densities and is compatible with widely available automated handling equipment. 


The use of the 16 pin package is made possible by multiplexing the 12 address bits (required to address 1 of 4096 bits) into 
the 2104A on 6 address input pins. The two 6 bit address words are latched into the 2104A by the two TTL clocks, Row 
Address Strobe (RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the 
multiplexing technique while maintaining high performance. 


A new unique dynamic storage Cell provides high speed along with low power dissipation and wide voltage margins. The 
memory cell requires refreshing for data retention. Refreshing is easily accomplished by performing any RAS/CAS cycle 
with CS at Vin for each of the 64 row addresses every 2 milliseconds. 


The 2104A is designed for CAS-only deselect and is compatible with Intel® 2116, 16K RAM. 


PIN CONFIGURATION LOGIC DIAGRAM BLOCK DIAGRAM = 


OUTPUT 
LATCH AND 
BUFFER 


ADDRESS 
BUS 


64 SENSE AMPS 
1/0 GATING 


STORAGE ARRAY 


WRITE ENABLE 


1 OF 64 
ROW DECODER 


Wwe 
RAS ~=—-—- ROW ADDRESS STROBE as 


CLOCK 
GENERATOR NO. 1 
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ABSOLUTE MAXIMUM RATINGS* 


“COMMENT: 


Stresses above those listed under ‘Absolute Maximum Rat- 


Ambient Temperature Under Bias ..... -10°C to +80°C ings'' may cause permanent damage to the device. This isa 
Storage Temperature ............. -65°C to +150°C stress rating only and functional operation of the device at 
Voltage on any Pin Relative to Vgg these or any other conditions above those indicated in the 

(Nes = Veg OP 4:9V) 24 i'n ke pe cee ees -0.3V to +20V operational sections of this specification is not implied. Ex- 
Power Dissipation .........-. ee see eee eee 1.0W posure to absolute maximum rating conditions for extended 
Date Out CUNrent fe x eee wee eae Rk ae eo 50 mA periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS! |! 
Ta = 0° to 70°C, Vpp = +12V +10%, Voc = +5V +10%, Vgg = -5V +10%, Veg = OV, unless otherwise noted. 


Limits 


Symbol Parameter | Min. | Typ. (2) | Max. Unit 
ly Input Load Current (any input) ae oe ee Vin = Vir win to Vin max 


IlLol Output Leakage Current for Chip deselected: RAS and CAS at Viy 
High Impedance State Vout = 0 to 5.5V 
lpp1!8) | Vpp Standby Current =n oon Vpp = 13.2V | CAS and RAS at Vj). 
0.7 Van = 12.6V Chip deselected prior 
as ow ob seiner 


Conditions 


lpp2!3! Operating Vpp Current | 4 | 38 mA 2104A-1 tac = 320 ns 


lIpp2 Operating Vgg Current eee Oe Min. cycle time. Ta = 0°C 


lec !4 Vcc Supply Current when 
= 


Input Low | Input Low Voltage (any input) _ (any input) -1.0 


CAPACITANCE!!! 1 = 25°C 


Symbol aS TE Conditions 


Notes: 1. All voltages referenced to Vss. The only requirement for the sequence of applying voltages to the device is that Vpp, Vcc, and 
Vss should never be 0.3V or more negative than Veg. After the application of supply voltages or after extended periods of opera- 
tion without clocks, the device must perform a minimum of one initialization cycle (any valid memory cycles containing both RAS 
and CAS) prior to normal operation. 

. Typical values are for Ta = 25°C and nominal power supply voltages. 

. The lpp current flows to Vss. 

. When chip is selected Vcc supply current is dependent on output loading. Vcc is connected to output buffer only. 

The chip is deselected; i.e., output is brought to high impedance state by CAS-only cycle or by a read cycle with CS at Vj. 

Capacitance measured with Boonton Meter. 


2/0 
SO ls 
OO; 2! Ww] Ww 


OoRWN 
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[1] 
A.C.CHARACTERISTICS 
Ta=0°C to 70°C, Vpp=12V +10%, Vec=5V +10%, Vgg=-5V +10%, Vsg=OV, unless otherwise noted. 


READ, WRITE, AND READ MODIFY WRITE CYCLES 


— 1 Pe 2 clair 3 oo 4 . 
| P t Unit 
ee won 7 


a r 


tCRP CAS to RAS ae Time ns 

tcsH__| GAS Hold Time 750. ~*«(| 200.~*~C«WUS SS~S ns 

tasc | Column Adress or CS Set-Up Tim < SOAS SSRN SES A SO 

ep | se or Fatima sos | 

tOFF Output Buffer Turn-Off Delay aa a eee ns 
0 [7 


ns 


tCAc 3 Access Time From CAS 
tRAC Access Time From RAS 


300 ns 


READ CYCLE 


2104A-4 

Symbol Min. Max 
25 

2 


2104A-1 2104A-2 2104A-3 
Parameter x, 


RAS Fulse Width 150 32000 | 200 32000 | 250 32000 | 300 32000 


CAS Pulse Width 
Read Command Set-Up Time | oO 


Read Command Hold Time 
Data Out Hold Time 


3 


2104A-1 2104A-2 2104A-3 2104A-4 


Symbol Parameter Min Max. Unit 
tRC Random Read or Write Cycle Time 320 acc cmer 42 ns 
tRAS RAS Pulse Width 150 32000 | 200 32000 | 250 32000 | 300 32000 ns 


ns 


tCASs CAS Pulse Width 
twcs Write Command Set-Up Time 


tWCH Write Command Hold Time 


ns 


ns 


tWwcR Write Command Hold Time Referenced to RAS 


We 
=n 
‘cw 


Notes: 1. All voltages referenced to Vsgs. Minimum timings do not allow for *7 or skews. 


= 


ns 


ns 


So 


NO 
a 
oO 


ns 
ns 
ns 
ns 


ns 


2. CAS must remain at Vj a minimum of tRCL MIN after RAS switches to Vi,_. To achieve the minimum guaranteed access time 
(tRAC), CAS must switch to Vj, at or before trc_ of tRac - tT - tcac as described in the Applications Information section. 
tRCL MAX is given for reference only as trac — tCAC: 

3. Load = 2 TTL and 100 pF. See Applications Information. 


4. In a write cycle DguT latch will contain data written into cell. In a read-modify-write cycle DQyYT latch will contain data read 
from cell. If WE goes low after CAS and prior to tcac, DouT is indeterminate. 
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WAVEFORMS 
READ CYCLE 


Vv tras a 2 eee, eee = 
1H 


tRcL < -tRsH > 


tasr 


MH 


O\7 ROW ra COLUMN 
ee, OX ADDRESS Eee ADDRESS 
IL 


tasc 
Vin 
Vin 
— PL TRCH 
Vin 1 


_ o. 
“ <3 
Vit Q 


——__§__—— trac > 
| tcac — = tDOH 


HIGH IMPEDANCE 


~< = tac 
‘ ee tras ie 
1H 
RAS @ @ «tone 
Vi 
tesH 
'RCL SESH ee] 
Vin / i} 
CAS hae 
V, 
IL sacsicmissaliel 
tcas . ‘cr 
tcaH ——> 
V, 
1H \ / 
ADDRESSES XO ee ae NX 
ADDRESS E.@.4 ADDRESS evn 
Vit 
Mn 
cs 
Vit 
Min 
WE 
Mit 
Mu 
Din 
Vit 
tpOH > 
Vou ‘ 
HIGH IMPEDANCE (5) VALID , 
Dour DATA OUT 
Vor 


(See next page for notes) 
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2104A FAMILY 


1 
A.C.CHARACTERISTICS|"! 
Ta = 0° to 70°C, Vpp=12V +10%, Vec=5V +10%, Vgp=-5V +10%, Vss=OV,unless otherwise noted. 
READ-MODIFY-WRITE CYCLE 


2104A-1 2104A-2 2104A-3 2104A-4 
Notes: 1. All voltages referenced to Vss. 


2. The minimum cycle timing does not allow for ty or skews. 


WAVEFORMS 
READ-MODIFY-WRITE CYCLE 
tawe ee 
‘aa tarw > te p——____» | 
——— Vi 
RAS @) (@) 
Vit 
tcwH <+— topp—> 
Tao tcrw 
ae Vin (1) N\\\ YY; 
CAS y (2) /; 
<+—>|tran tRwe <—_—_—_—_—— tcp ——_—___» 
tasrR tasc ~tcaH _—aem«,£ .." > 
Vin ROW */ \ COLUMN \/ 
sons: \" XO itis KX Ses XS 
(2) at 
‘ tasc tcAH 
1H 
3 i a 
Vie 
Mn ® 
WE 
Vit @ ; con® 
MOD DH 
tps (5) 
Vin J 
DATAIN \/ 
- KEY IX 
Mit rere 
ornare ern ASE @) 
+ teac —___——_—>> tpOH 
Vv ‘OFF HIGH 
7 e (3) IMPEDANCE / 6) VALID 
bald DATA OUT 
Vor @) 
Notes: 1,2. ViHmin and Vi_LMAx are reference levels for measuring timing of input signals. 
3,4. VOHMIN and VoLMAx are reference levels for measuring timing of DOUT. 
5, Referenced to CAS or WE, whichever occurs last. 
6.  Inawritecycle DoyT latch will contain data written into cell. In a read-modify-write cycle DouUT latch will contain 


data read from cell. If WE goes low after CAS and prior to tcac, DouT is indeterminate. 
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TYPICAL CHARACTERISTICS 


TYPICAL Igg2 AND Ipp2 
VS. TEMPERATURE 


Ipp2 (mA) 
IpB2 (uA) 
Ipp2 (mA) 


TEMPERATURE (°C) 


APPLICATIONS 
ADDRESSING 


Two externally applied negative going TTL clocks, Row 
Address Strobe (RAS), and Column Address Strobe 
(CAS), are used to strobe the two sets of 6 addresses into 
internal address buffer registers. The first clock, RAS, 
strobes in the six low order addresses (Ao-As) which 
selects one of 64 rows and begins the timing which 
enables the column sense amplifiers. The second clock, 
CAS, strobes in the six high order addresses (A¢-A}1) to 
select one of 64 column sense amplifiers and Chip Select 
(CS) which enables the data out buffer. 


TYPICAL Igg2 AND Ipp2 
VS. CYCLE TIME 


TCYCLE (ns) 


An address map of the 2104A is shown below. Address “0” 


corresponds to all addresses at Vi,. All addresses are 
sequentially located on the chip. 


2104A Address Map 


ARRAY 
(DATA IN) 


ROW DECODER 


SENSE AMPLIFIER 


COLUMN DECODER 


DATA CYCLES/TIMING 


A memory cycle begins with addresses stable and a 
negative transition of RAS. See the waveforms on page 4. 
It is not necessary to know whether a Read or Write cycle 
is to be performed until CAS becomes valid. 


Note that Chip Select (CS) does not have to be valid until 
the second clock, CAS. It is, therefore, possible to start a 
memory cycle before it is known which device must be 
selected. This can result in a significant improvement in 
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TYPICAL ACCESS TIME 
VS. TEMPERATURE 


Vpb = 10.8V 
VeB = -5.5V 


Ipp2 (uA) 
trac (ns) 


TEMPERATURE (°C) 


system access time since the decode time for chip select 
does not enter into the calculation for access time. 


Both the RAS and CAS clocks are TTL compatible and do 
not require level shifting and driving at high voltage MOS 
levels. Buffers internal to the 2104A convert the TTL level 
signals to MOS levels inside the device. Therefore, the 
delay associated with external TTL-MOS level converters 
is not added to the 2104A system access time. 


READ CYCLE 


A Read cycle is performed by maintaining Write Enable 
(WE) high during CAS. The output pin of aselected device 
will unconditionally go to a high impedance state 
immediately following the leading edge of CAS and 
remain in this state until valid data appears at the output at 
access time. The selected output data is internally latched 
and will remain valid until asubsequent CAS is given to the 
device by a Read, Write, Read-Modify-Write, CAS only or 
Refresh cycle. Data-out goes to ahigh impedance state for 
all non-selected devices. 


Device access time, tacc, is the longer of two calculated 
intervals: 


1. tacc = trac OR 2. tacc= traci tty ttcac 


Access time from RAS, trac, and access time from CAS, 
tcac, are device parameters. Row to column address 
strobe lead time, trcL, and transition time, tt, are system 
dependent timing parameters. For example, substituting 
the device parameters of the 2104A-2 and assuming a TTL 
level transition time of 5ns yields: 


3. tacc = trac = 200ns for 25nsec < trcL_ < 7Onsec 
OR 
4. tacc = tract + tt + tcac = trcL + 135ns for 
tac. > 7Ons. 


2104A FAMILY 


Note that if 25 nsec < trac < 70 nsec, device access time is 
determined by equation 3 and is equal to trac. If tac. > 70 
nsec, access time is determined by equation 4. This 45ns 
interval (shown in the trRcL inequality in equation 3) in 
which the failing edge of CAS can occur without affecting 
access time is provided to allow for system timing skew in 
the generation of CAS. This allowance for a tact skew is 
designed in at the device level to allow minimum access 
times to be achieved in practical designs. 


WRITE CYCLE 


A Write Cycle is generally performed by bringing Write 
Enable (WE) low before CAS. Dout will be the data written 
into the cell addressed. If WE goes low after CAS and prior 
to tcac, Dour will be indeterminate. 


READ-MODIFY-WRITE CYCLE 
A Read-Modify-Write Cycle is performed by bringing 


Write Enable (WE) low after access time, trac, with RAS 
and CAS low. Data in must be valid at or before the falling 
edge of WE. Inaread-modify-write cycle Douris data read 
and does not change during the modify-write portion of 


the cycle. 


CAS ONLY (DESELECT) CYCLE 


In some applications, it is desirable to be able to deselect 
all memory devices without running a regular memory 
cycle. This may be accomplished with the 2104A by per- 
forming a CAS-Only Cycle. Receipt of a CAS without RAS 
deselects the 2104A and forces the Data Output to the 
high-impedance state. This places the 2104A in its lowest 
power, standby condition. Ipp will be about twice Ippj for 
the first cycle of CAS-only deselection and Ipp1 for any 
additional CAS-only cycles. The cycle timing and CAS 
timing should be just as if a normal RAS/CAS cycle was 
being performed. 


RAS/CAS CYCLE CAS ONLY CYCLE 


0 100 200 300 400 500 600 700 800 900 1000(ns) 


V 
— 1H 
RAS Vv 
iL 
exe (IM 
Vit 
+40 
+20 
‘ep 0 
(mA) 
-20}— 
-40 
+120 
+100 
+80 
+60 
lbp +40 
(mA) +20 


TYPICAL SUPPLY CURRENTS VS. TIME 


CHIP SELECTION/DESELECTION 


The 2104A is selected by driving CS low during a Read, 
Write, or Read-Modify-Write cycle. A device is deselected 
by 1) driving CS high during a Read, Write, or Read- 
Modify-Write cycle or 2) performing a CAS Only cycle 
independent of the state of CS. 


REFRESH CYCLES 


Each of the 64 rows internal to the 2104A must be 
refreshed every 2 msec to maintain data. Any data cycle 
(Read, Write, Read-Modify-Write) refreshes the entire 
selected row (defined by the low order row addresses). 
The refresh operation is independent of the state of chip 
select. It is evident, of course, that if a Write or Read- 
Modify-Write cycle is used to refresh a row, the device 
should be deselected (CS high) if it is desired not to 
change the state of the selected cell. 


RAS/CAS TIMING 


The device clocks, RAS and CAS, control operation of the 
2104A. The timing of each clock and the timing 
relationships ofthe two clocks must be understood by the 
user in order to obtain maximum performance in a 
memory system. 


The RAS and CAS have minimum pulse widths as defined 
by tras and tcas respectively. These minimum pulse 
widths must be maintained for proper device operation 
and data integrity. A cycle, once begun by driving RAS 
and/or CAS low must not be ended or aborted prior to 
fulfilling the minimum clock signal pulse width(s). A new 
cycle must not begin until the minimum precharge time, 
trp, has been met. 


POWER SUPPLY 


Typical power supply current waveforms versus time are 
shown below for both a RAS/CAS cycle and a CAS onl; 
cycle. Ipp and Igg current surges at RAS and CAS edges 
make adequate decoupling of these supplies important. Due 
to the high frequency noise component content of the cur- 
rent waveforms, the decoupling capacitors should be low 
inductance, ceramic units selected for their high frequency 
performance. 


It is recommended that a 0.1 uF ceramic capacitor be con- 
nected between Vpp and Vsgsg at every other device in the 
memory array. A 0.1 uF ceramic capacitor should also be 
connected between Vgp and Vsgg at every other device 
(preferably the alternate devices to the Vpp decoupling). 
For each 16 devices, a 10 uF tantalum or equivalent capaci- 
tor should be connected between Vpp and Vsg near the 
array. An equal or slightly smaller bulk capacitor is also 
recommended between Vgp and Vgsg for every 32 devices. 


A 0.01 uF ceramic capacitor is recommended between Vcc 
and Vgg at every eighth device to prevent noise coupling to 
the Vcc line which may affect the TTL peripheral logic in 
the system. 
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2104A FAMILY 


Due to the high frequency characteristics of the current 
waveforms, the inductance of the power supply distribution 
system on the array board should be minimized. It is 
recommended that the Vpp, Vgp, and Vsg supply lines be 


gridded both horizontally and vertically at each device in 
the array. This technique allows use of double-sided circuit 
boards with noise performance equal to or better than 
multi-layered circuit boards. 


Din Dout 


Din Dout 


DECOUPLING CAPACITORS 
D = 0.1 uF to Vpp TO Vss 
B = 0.1uF Veg TO Vss 


C 


0.01 uF Vcc TO Vss 
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a ® 


in 


2104A 
4096 x 1 BIT DYNAMIC RAM 


Max. Access Time (ns) 


Read, Write Cycle (ns) 


Max. IDD (mA) 


m Highest Density 4K RAM Industry Stan- = Refresh Period: 2 ms 


dard 16 Pin Package = On-Chip Latches for Addresses, Chip 
@ Low Power 4K RAM Select and Data !n 
@ All Inputs Including Clocks TTL = Simple Memory Expansion: Chip Select 
Compatible = Output is Three-State, TTL Compatible; 
@ Standard Power Supplies: Data is Latched and Valid into Next Cycle 
+12V, +5V, -SV = Compatible with Intel® 2116 16K RAM 


The Intel® 2104A is a 4096 word by 1 bit MOS RAM fabricated with N-channel silicon gate technology for high performance 
and high functional density. 


The efficient design of the 2104A allows it to be packaged in the industry standard 16 pin dual-in-line package. The 16 pin 
package provides the highest system bit densities and is compatible with widely available automated handling equipment. 


The use of the 16 pin package is made possible by multiplexing the 12 address bits (required to address 1 of 4096 bits) into 
the 2104A on 6 address input pins. The two 6 bit address words are latched into the 2104A by the two TTL clocks, Row 
Address Strobe (RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the 
multiplexing technique while maintaining high performance. 


A new unique dynamic storage cell provides high speed along with low power dissipation and wide voltage margins. The 
memory cell requires refreshing for data retention. Refreshing is easily accomplished by performing any RAS/CAS cycle 
with CS at Vin for each of the 64 row addresses every 2 milliseconds. 


The 2104A is designed for CAS-only deselect and is compatible with Intel® 2116, 16K RAM. 


PIN CONFIGURATION LOGIC DIAGRAM BLOCK DIAGRAM we 


STROBE DATA 


IN 
LATCH 


OUTPUT 
LATCH AND 
BUFFER 


ADDRESS 
BUS 


64 SENSE AMPS 
1/0 GATING 


4096 BIT 
STORAGE ARRAY 


1 OF 64 
ROW DECODER 


Ao-As ADDRESS INPUTS ——- Vp 
CAS COLUMN ADDRESS STROBE ‘ Vee 
= 


RAS ROWAODRESSSTROBE | 


CLOCK 
GENERATOR NO. 1 
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2104A 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under ‘‘Absolute Maxi- 


mum Ratings’’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 


Ambient Temperature Under Bias ..... -~10°C to +80°C any other conditions above those indicated in the operational sec- 
Storage Temperature ............. -65°C to +150°C tions of this specification is not implied. Exposure to absolute 
Vol Pin Relati V, maximum rating conditions for extended periods may affect device 
(@) tage on any in e ative to BB reliability. 

(Veg = Veg 2 2.5V) «cites nteases en -0.3V to +20V 
Power Dissipation ....i0%e08008 setaebess 1.0W 
Data OUT CUTER 5 ccc Bese ROR ES OD 50 mA 

[1 

D.C. AND OPERATING CHARACTERISTICS 


Ta =0°C to 70°C, Vpp = +12V +5%, Veco = +5V +10%, Veg = —-5V +10%, Vsg = OV, unless otherwise noted. 


Symbol Parameter Unit Conditions 


+ 

< 

ba 
N 


j=) 
NI 
3 


ley Input Load Current (Any Input) 


hol Output Leakage Current for 
LO High Impedance State 


Vin = Vit min to Vin max 


Chip Deselected: RAS and CAS at Vj, 
Vout = 0 to 5.5V 


= 


= 


lpbp1!3! | Vpp Standby Current Vpp = 12.6V, CAS and RAS at Vjy. 


Chip Deselected Prior to Measure- 
lpB1 Vpp Standby Current MA enaitt. See More 5. 
Ipp2/3! Operating Vpp Current aes 35 tcyc = 500 ns 
Iga2__| Operating Vp Current | | 130 | 400 | pa | tac = 500ns, Ta = 0°C 
Vcc Supply Current When 
[4] cc eupply 
lect Deselected al 
Vi__|_Input Low Voltage (Any Input) | -1.0 | | 08 | Vv 
Vin__| Input High Voltage p24} | 70 | v | 
Vor__| Output Low Voltage poo} | o4 | v_ | to.=2.0ma 
VoH Output High Voltage 24 fo Vec lon =-5 mA 


CAPACITANCE!®! 1, = 25°C 


Symbol Test Typ. Max. Conditions 


Notes: 1. All voltages referenced to Vss. The only requirement for the sequence of applying voltages to the device is that Vpp, Vcc, and 
Vss should never be 0.3V or more negative than Vpp. After the application of supply voltages or after extended periods of opera- 
tion without clocks, the device must perform a minimum of one initialization cycle (any valid memory cycles containing both RAS 
and CAS) prior to normal operation. 

Typical values are for Ta = 25°C and nominal power supply voltages. 

. The Ipp current flows to Vss. 

When chip is selected Vcc supply current is dependent on output loading. Vcc is connected to output buffer only. 

The chip is deselected; i.e., output is brought to high impedance state by CAS-only cycle or by a read cycle with CS at VIH- 
Capacitance measured with Boonton Meter. 


OARWN 
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2104A 


1 
A.C.CHARACTERISTICS! © 
Ta =O0°Cto 70°C, Vpp = 12V +5%, Voc = 5V +10%, Veg = -5V +10%, Vsg = OV, unless otherwise noted. 
READ, WRITE, AND READ MODIFY WRITE CYCLES 


tREF Time Between Refresh re 
tRp RAS Precharge Time | 150 


vac 


tcacls] [Access Time FromGaS——SSS~*~“dSC“‘“CSC*d’SCC~«CO ns 
acl] | Access TimetromRAS SSC*SSCSCS~S~S~*~dtCS*~S~S ns 
READ CYCLE 
tc____|_—Random Read or Write GyeleTime | son | | 
WRITE CYCLE”) 
(RC | Random Read or WriteCycleTime | 800s | | 
wes | __Write CommandSevupTime Sid 
woH | _Write CommengHold Time ——SS~CSC~SaOSS*dSSd 
wor | __Write Commena Hold Time Referenced to RAS | 250 | ———~dY 
we | Write Command Pulsewiath | 0] Sd 
tawi | __Write Command AAS Lead Time ———S«d zoo] 
towe | __Wete Command to CAS LeadTime «| —a00Ss 
tpHR Data-In Hold Time Referenced to RAS a a ns 


Notes: 1. All voltages referenced to Vss. Minimum timings do not allow for tt or skews. 

2. CAS must remain at Vj} a minimum of tRCL MIN after RAS switches to Vit- To achieve the minimum guaranteed access time 
(tRACc), CAS must switch to Vj, at or before tac_L of trac - tT - tcAc as described in the Applications Information section. 
tRCL MAX is given for reference only as trac - tcAc: 

3. Load = 2 TTL and 100 pF. See Applications Information. 

4. In a write cycle DoyrT latch will contain data written into cell. In a read-modify-write cycle DQUT latch will contain data read 
from cell. If WE goes low after CAS and prior to tcac, DouT is indeterminate. 
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WAVEFORMS 


READ CYCLE 

¥e geooseness leet 
RAS . ) ® a 

tose aan tai 

Vi *RCL tRsH 

are naa: — 
a 
Mi st hl 


~K ROW X COLUMN 
ADDRESSES <x ADDRESS ADDRESS 
Vit ay Eee 


t 
Vin o ASC 
a | @ J 
Vit > f 
WE 
Dout 


Vin 
RAS @) 
Vit 
Vin 
CAS 
Vi 


\/ 
\A0) ROW COLUMN 
won” YO alt E> ONE XT 
Vi 
_ ~ =a, 
Vin tasc =———‘can 
cs _—\e fi | 
Vit c 


trac 
tcac tDOH 
" torr — 
‘OH 4 
s3) HIGH IMPEDANCE (8) VALID \ 
Dour r @) DATA OUT 
Voi 


(See next page for notes) 
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A.C.CHARACTERISTICS"! 
Ta =0°Cto 70°C, Vpp = 12V +5%, Vcc = 5V +10%, Veg = -5V +10%, Vss = OV, unless otherwise noted. 
READ-MODIFY-WRITE CYCLE 


tRwc Read Modify Write Cycle Time!2! 700 Lo ns 
tcrw RMW Cycle CAS Width 400 [oS ns 
tRRW RMW Cycle RAS Width 50 | | ns 
tRWL RMW Cycle RAS Lead Time 20 | | ns 
t RMW Cycle CAS Hold Time ns 
CWH 
tewL Write Command to CAS Lead Time 200 Le ns 
twp Write Command Pulse Width | 6100s] ns 
tres Read Command Set-Up Time a ee ee ee 
tmop Modify Time a a ee ee 
tos Data-In Set-Up Time rr a ee ee 
tpH Data-In Hold Time 100 Lo ns 
Notes: 1. All voltages referenced to Vss. 
2. The minimum cycle timing does not allow for t+ or skews. 
WAVEFORMS 
READ-MODIFY-WRITE CYCLE 
Fg es ee Eg 
‘RRW ae tap 
Vv 
RAS 1H 
Vit 
Vin 
me Vit 
| +—>|'ran —trwe ——— 
tasr tasc : ~ tea h,’. SeeneniEnd 
Vin J ROW \/ YA COLUMN \/ 
rconeses "YO tts KX aes 
(2) tar 
” tasc tcaH 
1H 
cs ol 
Vit 
tacs|<+#—> -<+—— twp 
“ey 
WE 
Vit @ : ton 
MOD DH 
tps) 
Via + 
DATAIN \/ 
. a Co 
Mit ga cc 
ni... (2) 
tcac tbouH 
‘OFF HIGH 
Vou : (3) IMPEDANCE VALID 
Bour " (© DATA OUT / 
Vor (4) ; 
Notes: 1,2. ViHmMIN and Vi_LMAx are reference levels for measuring timing of input signals. 
3,4. VOHMIN and VoLMAxX are reference levels for measuring timing of DOUT.- 
5. Referenced to CAS or WE, whichever occurs last. 
6.  Inawritecycle DoyT latch will contain data written into cell. In a read-modify-write cycle DouUT latch will contain 


data read from cell. If WE goes low after CAS and prior to tcac, DouT is indeterminate. 
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TYPICAL CHARACTERISTICS 


TYPICAL Igg2 AND Ipp2 
VS. TEMPERATURE 


Ipp2 (mA) 
IpB2 (uA) 
Ipp2 (mA) 


TEMPERATURE (°C) 


APPLICATIONS 


ADDRESSING 


Two externally applied negative going TTL clocks, Row 
Address Strobe (RAS), and Column Address Strobe 
(CAS), are used to strobe the two sets of 6 addresses into 
internal address buffer registers. The first clock, RAS, 
strobes in the six low order addresses (Ao-As) which 
selects one of 64 rows and begins the timing which 
enables the column sense amplifiers. The second clock, 
CAS, strobes in the six high order addresses (A¢-A11) to 
select one of 64 column sense amplifiers and Chip Select 
(CS) which enables the data out buffer. 


An address map of the 2104A is shown below. Address “‘0’”" 


corresponds to all addresses at V;,. All addresses are 
sequentially located on the chip. 


2104A Address Map 


ARRAY 
(DATA IN) 


ROW DECODER 


SENSE AMPLIFIER 


COLUMN DECODER 


DATA CYCLES/TIMING 


A memory cycle begins with addresses stable and a 
negative transition of RAS. See the waveforms on page 4. 
It is not necessary to know whether a Read or Write cycle 
is to be performed until CAS becomes valid. 


Note that Chip Select (CS) does not have to be valid until 
the second clock, CAS. It is, therefore, possible to start a 
memory cycle before it is known which device must be 
selected. This can result in a significant improvement in 


TYPICAL Igg2 AND Ipp2 
VS. CYCLE TIME 


Teycce (ns) 
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TYPICAL ACCESS TIME 
VS. TEMPERATURE 


Vpp = 11.4V 
VeBp = -5.5V 


IpB2 (uA) 
trac (ns) 


TEMPERATURE (°C) 


system access time since the decode time for chip select 
does not enter into the calculation for access time. 


Both the RAS and CAS clocks are TTL compatible and do 
not require level shifting and driving at high voltage MOS 
levels. Buffers internal to the 2104A convert the TTL level 
signals to MOS levels inside the device. Therefore, the 
delay associated with external TTL-MOS level converters 
is not added to the 2104A system access time. 


READ CYCLE 


A Read cycle is performed by maintaining Write Enable 
(WE) high during CAS. The output pin of aselected device 
will unconditionally go to a high impedance state 
immediately following the leading edge of CAS and 
remain in this state until valid data appears at the output at 
access time. The selected output data is internally latched 
and will remain valid until asubsequent CAS is given to the 
device by a Read, Write, Read-Modify-Write, CAS only or 
Refresh cycle. Data-out goes to a high impedance state for 
all non-selected devices. 


Device access time, tacc, is the longer of two calculated 
intervals: 


1. tacc = trac OR 2. tacc=tre_t ty + tcac 


Access time from RAS, trac, and access time from CAS, 
tcac, are device parameters. Row to column address 
strobe lead time, trci, and transition time, tr, are system 
dependent timing parameters. For example, substituting 
the device parameters of the 2104A and assuming a TTL 
level transition time of 5 ns yields: 


3. tacc = trac = 350 ns for 100 nsec S tracy S 145 nsec 


OR 
4. tacc = tac. + ty + teac = tract + 205 ns for 
tac. > 145 ns. 


2104A 


Note that if 100 nsec < tre, < 145 nsec, device access 
time is determined by equation 3 and is equal to trac. If 
tracL > 145 nsec, access time is determined by equation 4. 
This 45 ns interval (shown in the tae, inequality in equa- 
tion 3) in which the failing edge of CAS can occur without 
affecting access time is provided to allow for system timing 
skew in the generation of CAS. This allowance for a tre. 
skew is designed in at the device level to allow minimum 
access times to be achieved in practical designs. 


WRITE CYCLE 


A Write Cycle is generally performed by bringing Write 
Enable (WE) low before CAS. Dour will be the data written 
into the cell addressed. If WE goes low after CAS and prior 
to tcac, Dour will be indeterminate. 


READ-MODIFY-WRITE CYCLE 


A Read-Modify-Write Cycle is performed by bringing 
Write Enable (WE) low after access time, trac, with RAS 
and CAS low. Data in must be valid at or before the falling 
edge of WE. Inaread-modify-write cycle Douris data read 
and does not change during the modify-write portion of 
the cycle. 


CAS ONLY (DESELECT) CYCLE 


In some applications, it is desirable to be able to deselect 
all memory devices without running a regular memory 
cycle. This may be accomplished with the 2104A by per- 
forming a CAS- Only Cycle. Receipt of a CAS without RAS 
deselects the 2104A and forces the Data Output to the 
high-impedance state. This places the 2104A in its lowest 
power, standby condition. Ipp will be about twice Ipp1 for 
the first cycle of CAS- -only deselection and Ipp, for any 
additional CAS-only cycles. The cycle le_ timing and CAS 
timing should be just as if a normal RAS/CAS cycle was 
being performed. 


| RAS/CAS CYCLE CAS ONLY CYCLE 


0 100 200 300 400 500 600 700 800 900 1000(ns) 


(mA) +20 


TYPICAL SUPPLY CURRENTS VS. TIME 


CHIP SELECTION/DESELECTION 


The 2104A is selected by driving CS low during a Read, 
Write, or Read-Modify-Write cycle. A device is deselected 
by 1) driving CS high during a Read, Write, or Read- 
Modify-Write cycle or 2) performing a CAS Only cycle 
independent of the state of CS. 


REFRESH CYCLES 


Each of the 64 rows internal to the 2104A must be 
refreshed every 2 msec to maintain data. Any data cycle 
(Read, Write, Read-Modify-Write) refreshes the entire 
selected row (defined by the low order row addresses). 
The refresh operation is independent of the state of chip 
select. It is evident, of course, that if a Write or Read- 
Modify-Write cycle is used to refresh a row, the device 
should be deselected (CS high) if it is desired not to 
change the state of the selected cell. 


RAS/CAS TIMING 


The device clocks, RAS and CAS, control operation of the 
2104A. The timing of each clock and the timing 
relationships of the two clocks must be understood by the 
user in order to obtain maximum performance in a 
memory system. 


The RAS and CAS have minimum pulse widths as defined 
by tras and tcas respectively. These minimum pulse 
widths must be maintained for proper device operation 
and data integrity. A cycle, once begun by driving RAS 
and/or CAS low must not be ended or aborted prior to 
fulfilling the minimum clock signal pulse width(s). A new 
cycle must not begin until the minimum precharge time, 
trp, has been met. 


POWER SUPPLY 


Typical power supply current waveforms versus time are 
shown below for both a RAS/CAS cycle and a CAS only 
cycle. Ipp and Igg current surges at RAS and CAS edges 
make adequate decoupling of these supplies important. Due 
to the high frequency noise component content of the cur- 
rent waveforms, the decoupling capacitors should be low 
inductance, ceramic units selected for their high frequency 
performance. 


It is recommended that a 0.1 uF ceramic capacitor be con- 
nected between Vpp and Vssg at every other device in the 
memory array. A 0.1 wF ceramic capacitor should also be 
connected between Vgp and Vsg at every other device 
(preferably the alternate devices to the Vpp decoupling). 
For each 16 devices, a 10 uF tantalum or equivalent capaci- 
tor should be connected between Vpp and Vsg near the 
array. An equal or slightly smaller bulk capacitor is also 
recommended between Vgp and Vsgsg for every 32 devices. 


A 0.01 uF ceramic capacitor is recommended between Vcc 
and Vgs at every eighth device to prevent noise coupling to 
the Vcc line which may affect the TTL peripheral logic in 
the system. 
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2104A 


Due to the high frequency characteristics of the current 
waveforms, the inductance of the power supply distribution 
system on the array board should be minimized. It is 
recommended that the Vpp, Vgp, and Vssg supply lines be 


8 B eo oe D oe 
‘eo (ee) 


gridded both horizontally and vertically at each device in 
the array. This technique allows use of double-sided circuit 
boards with noise performance equal to or better than 
multi-layered circuit boards. 


Din Dout 


DECOUPLING CAPACITORS 
D = 0.1 uF toVpp TO Vss 


B 
C 


0.1 uF Veg TOVss 
0.01 uF Vcc TO Vss 
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intel 
2107C FAMILY 
4096-BIT DYNAMIC RAM 


2107C-4 
Access Time(ns)|_ 150 | 200 | 250 | 300 
Read, Write Cycle (ns)| 380 | 400 | 430 | 470 
RMW Cycle (ns)| 450 | 500 | 550 | 590 
Max Ippav(mA)| 35 | =33 || = 30 | ~~ 80 


a Direct Replacement for Industry = +10% Tolerance on all Power 
Standard 22-Pin 4K RAMs Supplies 
a Low Operating Power = Output is Three-State and TTL 
Compatible 


= Low Standby Power 


High Volt ianal- = TTL Compatible — All Address, Data, 
° Chis a." eage en eee Write Enable, Chip Select Inputs 


= 150 ns Access Time = Refresh Period 2 ms 


The Intel® 2107C is a 4096-word by 1-bit dynamic n-channel MOS RAM. It was designed for memory applications where 
very low cost and large bit storage are important design objectives. A new unique dynamic storage cell provides high speed 
and wide operating margins. The 2107C uses dynamic circuitry which reduces the standby power dissipation. 

Reading information from the memory is non-destructive. Refreshing is most easily accomplished by performing one read 
cycle on each of the 64 row addresses. Each row address must be refreshed every two milliseconds. The memory is refreshed 
whether Chip Select is a logic one or a logic zero. 

The 2107C is fabricated with n-channel silicon gate technology. This technology allows the design and production of high 
performance, easy to use MOS circuits and provides a higher functional density on a monolithic chip than other MOS technol- 
ogies. The 2107C is a replacement for the 2107A, 2107B and other industry standard 22-pin 4K RAMs. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
2107C 2107C 
Ao O © VDD 
A1 0 Oo Vcc 
MEMORY 
A2 0 ROW DECODE e 
* AND BUFFER ia 2 
30 REGISTER ans ba o VBB 
A4 O 
A5 O 
64 
TIMING 
CE CONTROL ere 
GENERATOR 
64 
PIN NAMES DIN © COLUMN DECODE 
Ag—A11_ ADDRESS INPUTS* POWER (-5V) = = siacte ceateien 
CE CHIP ENABLE POWER (+5V) cs 
CHIP SELECT POWER (+12V) 
DATA INPUT O O O O O O 
DATA OUTPUT WRITE ENABLE Baur Ag A7 Ag Ag AiQ Alt 


*Refresh Address Ag—As. 
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2107C FAMILY 


Absolute Maximum Ratings* 


Temperature UnGer Bis. «das ce ew ewe eke we Oe ee ww eee ee A ee ee ew -10°C to 80°C 
Storage TOMPeratuNe .. nc ec ce ee Heed E dO RR eee ROD Ow ee een eee we -65°C to +150°C 
Voltage on any Pin Relative to Vgg (Vsgs—- Vag 24.5) 2... 0 oe eee eee eee -0.3V to +20V 
POWE OGSIACON ao ek oe CED Be EKER RK DE CHEAPER dO SEE EOE aS ORES ROD ERE EO EO 1.00W 
*COMMENT: 


Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


D.C. and Operating Characteristics 


Ta =0°C to 70°C, Vpp = +12V 10%, Voc = +5V +10%, Vep!'! = -5V +10%, Vsg = OV, unless otherwise noted. 


Limits 


Symbol Parameter Unit Conditions 
Min. | Typ.l2! | Max 


| Vin = OV to Vin max 
II E 
lu Input Load Current (all inputs except CE) pf | to | na CE = Vitc or Vic 


ne | lnputLoed Curent, cE SSOS~™*S i ae ES das 05 esis 


Lol Output Leakage Current for high CE = Vitc or CS = Ving 
LO impedance state Vo = OV to 5.5V 


Pn Tas Pn 


2107C-1, tceyc = 380 
lIpDp AV Average Vpp Current — operating 2107C-2, teyc = 400 
2107C, tcyc = 430 


2107C-4, tceyc = 470 
CE = Vitc or CS = Vin 
CE =-1V to +0.6V 


ay 
=) 


er | VosSnoy Coven=sinaty | | @ fw | 
oo Ay | Aeon Veo Curent opestra |_| 100 | 0 
vi | bouton Volo =] ce 
a 
i 
— 
a 


4 = 


Min. cycle time, Min. tcg 


Vitec CE Input Low Voltage a6 
Vine CE Input High Voltage 


WL Output Low Voltage ‘ 0.40 | lo. =3.2mA 
VOH Output High Voltage Vec lon = -2.0 mA 


NOTES: 


1. The only requirement for the sequence of applying voltage to the device is that Vpp. Vcc, and Vgsg should never be 0.3V or more nega- 
tive than Veep. 


2. Typical values are for Ta = 25°C and nominal power supply voltages. 
3. The Ipp and Icc currents flow to Vgs. 
4. During CE on Vcc supply current is dependent on output loading. Vcc is connected to output buffer only. 
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2107C FAMILY 


“sa [1] 
A.C. Characteristics 
Ta =0 Cto 70°C, Vpp = 12V +10%, Veco = 5V +10%, Veg =-5V +10%, Vsg = OV, unless otherwise noted. 
READ, WRITE, AND READ MODIFY/WRITE CYCLE 


2107C-1 2107C-2 2107C 2107C-4 


ro 
oO 


tpH Din Hold Time 
twp WE Pulse Width 
twp WE to Output Disable Time 


™ nmr ea tae “ 
tacr | Time Between Rees | | 2] | 2] | 2) | 2] m | 
tac | AddresstoCESe-UpTime | 0; | o| | o| | 0] | ms | 2 
tan | AddressHold Time | 50 |_| 80 | | 100] | 100] ns 
tt | CETransitiontime | | 40) | 40] | 40, | 40 | ns_ 
cM Ledesclomesiemoioel Med MM Hd ME Hd Md 
READ CYCLE 
ae 2107C-1 2107C-2 2107C 2107C-4 
™ _m in. [ ox. | min [max | in. ox. [ min. [ ax. | | 
tce 210 | 4000} 230 | 4000 | 260 | 4000] 300| 4000| ns | 
tacc | Address to Output Acces | | 160] | 200; | 250| | 300] ms | 5 
I eae OO 
WRITE CYCLE 
| ane pore | 210762 210764 
anes — in. | ox. | min [ ex. | win. | ox. | min. [mex | | 
tey seo[ | 400] | aso{ | aot | | 3 
tce 210 | 4000| 230 | 4000 | 260 | 4000| 300 | 4000| ns | 
tw pf a5] a5] 75] ns 
= a Tne 
|DiwHoldTime | OTT | ns 
|WePulseWidth | 50] | 80) pons | 


—_ 
No 
o 


Capacitance” +, -25°c 


Plastic and 


Symbol Test Ceramic Package | Unit Conditions 


= Tye. bel 
Cap Address Capacitance, CS, Diy | 5 | 7 | pF Vin = Vss 
Cce CE Capacitance 40 [18 [pF _| Viv=Vss 
Cout Data Output Capacitance | 5 | 7 | pe Vout = OV 
NOTES: _ 
1. After the application of supply voltages or after extended 6. If WE is low before CE goes high then Djjy must be valid 
periods of operation without CE, the device must perform a when CE goes high. 


minimum of one initialization cycle (any valid memory cycle 


: . 7. Capacitance measured with Boonton Meter or effective capa- 
or refresh cycle) prior to normal operation. 


citance calculated from the equation: 


tT = 20 ns, At, 
C =— with the current equal to a constant 20 mA. 
CLOAD = 50 pF, Load = One TTL Gate, Ref = 2.0V. Av 


a Pp YN 


- tacc =tacttcot Itt. 3-62 


2107C FAMILY 


Read and Refresh Cycle ” 


tcy 
VIH 
ADDRESS ® 
AND GS ® ADDRESS STABLE ADDRESS CAN CHANGE ADDRESS STABLE 
VIL 
tac(0) 
ViIHC 
7 
ViLC © 
tcc 
VIH } : 
we .WECAN 
CHANGE 
VIL 
VOH 
— HIGH 
OUT ~MPEDANCE IMPEDANCE 
VOL 


tacc tcb 


Write Cycle 


ViH 


| 
erin ADDRESS STABLE ADDRESS CAN CHANGE DRESS STABLE 


ViL 


VIHC 


CE 


~~ - -tcw + - aa 


WE WE CAN CHANGE WE CANC 
ViL 

——_ss ~<— tow ——»| ~—tDH 
ViH 


DIN 


& Din CAN CHANGE 
IN In © CAN CHANGE 


Din STABLE 


IMPEDANCE IMPEDANCE 


NOTES: 1. For Refresh cycle, row and column addresses must be stable before tac and remain stable for entire tay period. 
2. Vii MAX is the reference level for measuring timing of the addresses, CS, WE, and Din. 

3. Vin MIN is the reference level for measuring timing of the addresses, CS, WE, and Dyj. 

4. Vss +2.0V is the reference level for measuring timing of CE. 

5. Vpp —2V is the reference level for measuring timing of CE. 

6 


Vss +2.0V is the reference level for measuring the timing of DoyT. 
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2107C FAMILY 


Read Modify Write Cycle 


. wt] Pama 2107C-1 2107C-2 2107C-4 | Units | Note 
ymbo arameter 

Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. |_| 
inc | Reed aay Wine RWIGvee| «80 soo | Psst soo 
tcrw | CE Width DuringRMW _-_|_ 280 | 4000 | 330 | 4000 | 380 | 4000| 420 | 4000 | ns _| 
we [Wwceon ot of of ole 
tw 125 { | 125[ | 125 | | t75 | ons | 
wwe | WE Pave wth Tso | so | so | 100 ne 
ion [DwtoWEseup [of | of | of | of] 
toy | DinHoldTime == {| of) CUT of ST of ts 
tco | CEtoOutputDelay || | 130{ ~~ || 180; ~~ || 230] ~~ | 280 | ns | 
wee [Aeon Ting te 200 a0 | L200 
ne [Rew oumiomeTme Pep ep eee 


trwc{1) 


VIH 


ADDRESSES 
AND CS 


ViL 


VIHC 


CE 


VILC 


twc 


WE CAN 

CHANGE 

1H Je 
Din | Din CAN CHANGE ( Din STABLE » i 
: 7 


| —-- twD 


i © 
Gaur HIGH HIGH 
UT TMPEDANCE VALID IMPEDANCE 


VOL 
tacc >| 


NOTES: 1. ty of 20 ns. 


- Vit MAX is the reference level for measuring timing of the addresses, CS, WE, and TINE 
and Dy. 


1 
2 , 
3. Viy MIN is the reference level for measuring timing of the addresses, CS, WE, 
4. Vss +2.0V is the reference level for measuring timing of CE. 

5. Vpp —2V is the reference level for measuring timing of CE. 

6. Vss +2.0V is the reference level for measuring the timing of DoyT- CLOAD = 50 pF. Load = One TTL Gate. 
P 


. WE must be at Vj} until end of tco. 
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2108-2 AND 2108-4 
8192 X 1 BIT DYNAMIC RAM 


| 2108-2 | 2108-4 — 

[Max. Access Time (ns) —*«| = 200 |= 300 

[Read, Write Cycle (ns) =| —=S«350 «| ~—=S«a2 Cs 

[Read-Modify-Write Cycle (ns) | 400 | 595 

= 8K RAM in Industry Standard 16 Pin’ # Only 64 Refresh Cycles Required Every 2 
Package ms 


= Low Standby Power # On-Chip Input Latches 


# All Inputs Including Clocks TTL Com- 
patible 


= Standard Power Supplies +12V, +5V, -5V 


@ Output is Three-State, TTL Compatible; 
Data is Latched and Valid into Next Cycle 


= Fully Compatible with 4K and 16K 


Dynamic RAMs 


The Intel®2108 is a8K Dynamic MOS RAM organized as 8192 words by 1 bit. The 2108 employs the same masks and highly 
reliable, production-proven two layer polysilicon N-MOS technology as the Intel®2116 16K RAM. As shown in the block 
diagram below, the 2116 is organized as two 8K RAMs on asingle silicon die. Each of these 8K RAMs contains its own row 
decoders, sense amplifiers, and storage cells. The 2108 is fully tested to insure that one 8K RAM meets all AC and DC spec- 


ifications. 


The 2108 is available as either the upper or lower half of the 2116. Address Ag selects the operating half. For $1572 or 
$1627, Ag should be high (Vj) during row address strobe (RAS). For $1573 or S1626, Ag should be low (Vj,_) during RAS. 
The use of the Intel® 3242 Address Multiplexer/Refresh Counter with a 2108 is described on page 3-71. The 2108 is pack- 
aged in the industry standard 16-pin DIP which is compatible with widely available automated handling equipment and facili- 
tates easy upgrading from 2104A-type 4K RAM Systems and up to 2116-type 16K RAM Systems. 

As in the 2104A-type 4K RAM and 2116-type 16K RAM, the 2108 has non-critical clock timing requirements which allow use 
of addressing multiplexing while maintaining high performance. Three methods of refreshing are permissable; they are de- 
scribed in the applications section of this data sheet. 


The 2108 will provide the same reliable operation in its system usage as any Intel product. Information on the details of 
reliability tests performed on the 2108 and field data on the use of partial devices are available from Intel Corporation. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


64 NY A832 x 128 CELLS 
SON a SEREERUIEN 
SSECODERS] UZE.SENSE AMPS 


$1573 


$1626 (A6L) 


N 
128 COLUMN 
DECODERS 
U,32 x 128 CELLS 

7128 SENSE AMPS 
V7, 32 x 128 CELLS 


RERETTEN 
ig 


$1572, 


PIN NAMES nie 
Ay-Ag ADDRESSINPUTS = —*| WE WRITE ENABLE RAS LATCH AND | Dour 
COLUMN ADDRESS STROBE | Vgg POWER(-5V) 
DATA IN POWER (+5V) 


~ DATAOUT 
ROW ADDRESS STROBE 


— Vor 4 
—Vpp POWER (+12V) 
Vsg GROUND 


*S1572 & $1627: Ag SHOULD BE AT V,,, DURING RAS 
$1573 & $1626: Ag SHOULD BE AT V, DURING RAS 
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2108-2 AND 2108-4 


ABSOLUTE MAXIMUM RATINGS* 


“COMMENT: 
Ambient Temperature Under Bias ........ -10°C to +80°C Stresses above those listed under “Absolute Maximum Ratings” 
Storage Temperature re ee ere -65°C to +1 50°C may Cause permanent damage to the device. This is a stress rating 
: : only and functional operation of the device at these or any other 
Voltage on any Pin Relative to Vgg conditions above those indicated in the operational sections of this 
(Vss - Vag 2 4V) wwe ee ee ee ees -0.3V to +20V specification is not implied. Exposure to absolute maximum rating 
Power Dissipation te wate oe a ele ee ee 1.25W conditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS" !2) 
Ta =0°C to 70°C, Vpp = +12V +10%, Voc = t5V 10%, Vgg = -5V +10%, Vsg = OV, unless otherwise noted. 


bol Parameter i Conditions 
= rameter Typ.'3) | Max. cantons 
lay Input Load Current (any input) PF 0 A Vin = Vss to ViIH MAX, VBB = 5.0V 
hol Output Leakage Current 0.1 A Chip deselected: RAS and CAS at Viy 
LO for high impedance state , a Vout = 0 to 5.5V 
cycle. Chip deselected prior to 

'BBt Vee Supply Current mia measurement. See Note 5. 

Device 
Ipp2!4! | 21082 tove= 380 m5 

selected. 

mA 2108-4 tceyc=425ns See‘Note 6. 


Igp2 Operating Vgpg Current 


leas 7] Vcc Supply Current when 
deselected 


VIL Input Low Voltage (any input) Pd 
Vin Input High Voltage (any input) 2.4 | res ot Vectl 


Device selected 


VoL Output Low Voltage 
VOH Output High Voltage 2.4 


lot = 4.1 mA (Read Cycle Only) 
lon = -5 mA (Read Cycle Only) 


Min. 

ani 

me 

ee ce 
oe 2108-2 tcyc = 350 ns 
bs ad 

| =1.0 

| 24 

| 0.0 

| 24 


CAPACITANCE !®! 
Ta = 25°C, Vop = 12V 10%, Voc = 5V +10%, Veg = -5V 10%, Vsg = OV, unless otherwise noted. 


Notes: 
All voltages referenced to Vgs. No power supply sequencing is required but Vpp, Vcc, and Vsg should never be 0.3V or more negative than Vgp. 
To avoid self-clocking, RAS should not be allowed to float. 
Typical values are for Ta = 25°C and nominal power supply voltages. 
. For RAS-only refresh Ipp = 0.78 Ipp2. For CAS-before-RAS (64 cycle refresh) Ipp = 0.96 Ipp2. 
. The chip is deselected (i.e., output is brought to high impedance state) by CAS-only cycle or by CAS-before-RAS cycle. The current flowing 
in a selected (i.e., output on) chip with RAS and CAS at Vj} is approximately twice Ipp}. 
6. See Page 3-67 for typical Ipp characteristics under other conditions. 
7. When chip is selected Vcc supply current is dependent on output loading; Vcc is connected to output buffer only. 
8. Capacitance measured with Boonton Meter. 


QRWN = 


2108-2 AND 2108-4 


TYPICAL CHARACTERISTICS Standby Power Calculations: 


IBB2 AND Ipp2 VS. TEMPERATURE 


) + Pop (1 - N—— SEL) where 


teve 
Prer = Pop (N 
eo a tREF 


Pop = Power dissipation — continuous operation = Vpp x Ipp2. 
N = Number of refresh cycles (64). 


tcyc = Cycle time for a refresh cycle. 


t 7 ” . treF = Time between refreshes 
8 2 Psp = Standby power dissipation = Vpp x Ipp1 + !Veg! x lpg 
- - Note that Ipp2 depends upon refresh as follows: 
1. For (RAS before CAS) use Ipp2 from Figures 1 and 2. 
. Jo 2. For (CAS before RAS) multiply Ippz determined in (1) by 0.96. 
1 (ee 
3. For (RAS only) multiply Ippz determined in (1) by 0.78. 
TEMPERATURE (°C) 
Figure 1. Examples of typical calculations for Vgg = -5.0V, Vpp = 12.0V, 
Ipp2 VS. CYCLE TIME Ta = 25°C, teyc = 0.425 us, tras = 0.3 us. taer = 2000 us: 
1. 128 cycle (RAS before CAS): Pop = 12.0V x 43 mA = 516 mW 
0.425 0.425 
P = 51 + + 
REF = 516 (128 7000) (12x1.2+5x0.001) (1-128 7000) 
Pref = 28.0 mW 
<q es a 
= 2. 64 cycle (CAS before RAS); Pop = 12.0V x 43 (0.96) mA = 
4 495 mW. 
0.4 0.425 
Pp + + -64 ——)= 
REF = 495 (64 sae (12x1.2+5x0.001) (1-64 7000) > 
Pref = 20.9 mW 
20 Eon 600 700 BON Boo 1000 3. 128 cycle (RAS only): Pop = 12.0V x 43 (0.78) mA = 402 mW 
Tovere (ns) Pr EF = 25.0 mW 
Figure 2. 


Sane 
- ELF re Feu cae 


lap Pitt ea he bape 
-60 


0 400 600 (ns) 200 400 600 (ns) 0 200 400 600 (ns) 400 600 (ns) 
CAS BEFORE RAS RAS ONLY REFRESH 
READ CYCLES READ-MODIFY-WRITE (FOR 64 CYCLE REFRESH) 
Note 1: Increase in current due to WE going low. Width of this 


current pulse is independent of WE pulse width. 


Figure 3. Supply Current Waveforms. 
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2108-2 AND 2108-4 


A.C. CHARACTERISTICS"! 
Ta=0°C to 70°C, Vpp=12V +10%, Vec=5V +10%, Vgg=-5V +10%, Vsg=OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


2108-2 2108-4 
Symbol Parameter Min. Max. Min. Max. Unit 


tREF Time Between Refresh 
RAS Precharge Time 
tcp CAS Precharge Time 
tac, (2! RAS to CAS Leading Edge Lead Time 
tcrp!3! CAS to RAS Precharge Time 


aa 
or 
~~ 
o1 


ot 
D 
Uv 
— 
(o>) ~ 
oO on 
NO 
N 
NO i<e) 
jo) on 
NO 
=| =] 
77) a 


tRsH , RAS Hold Time 

a 50 | ns 
trac] 200 ns 
READ AND REFRESH CYCLES 

Symbol Parameter Min. Max. Min. Max. Unit 
WRITE CYCLE 


2108-2 2108-4 
Symbol Parameter Min Max. Min Max. Unit 


275 


425 
twcH Write Command Hold Time | 75 iY 00 — es" ns 
twp Write Command Pulse Width a eee ee ns 
tRWe Write Command to RAS Lead Time 200 ns 
tcwL Write Command to CAS Lead Time /  100—t—“‘<‘«‘2| dT OC ns 
tps!6! Data-In Set-Up Time ee a ae ns 
tpy (6! Data-In Hold Time ns 


Notes: 1. All voltages referenced to Vss. 
2. CAS must remain at Vjy a minimum of tRcL MIN after RAS switches to Vj,. To achieve the minimum guaranteed access time 
(tRAC), CAS must switch to Vj, at or before tRcL (MAX) = tRAC -tcac. Device operation is not guaranteed for tac_>2 us. 
3. The tcrp specification is less restrictive than the ter range which was specified in the 2108 preliminary data sheet. 
4. Load = 1 TTL and 50 pF. 
5. The minimum cycle timing does not allow for tT or skews. 
6. Referenced to CAS or WE, whichever occurs last. 
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2108-2 AND 2108-4 


WAVEFORMS 


READ CYCLE 
teye a 
"RAS ‘RP 
— Vin 
RAS 'tcRp SE ol 
Vin 
tcp —_—_——_ 
—— Vin 
CAS 
Vie 
TASR 
ROW COLUMN 
Vit xX ADDRESS A\ /\ ADDRESS X 
tacs itRoH 
a Vin Oy ¥ 
_—_—_— TRAC T . 


Dour 


= teve — 


—_—__—_ tRAS : ~l + 


Vin 
tosH on iieiead 
tect oe tRsH tcp 
MH ‘CAS a | 
Mit 
TasSR : 

Vv 
anonemne IH Ke ROW ‘a COLUMN 

V ADDRESS x ADDRESS 

IL 


tRWL- 


TcowL 
Vin aero 
eee, 
__@ id 
Mi ‘ : 
1 


Vin i> 


trac 


‘ tcac 
OFF 


V, 
Dout = ’ oe) { © 


Notes: 1,2. Vi MIN 24nd VIL MAx are reference levels for measuring timing of input signals. 
3,4. VOH MIN 2nd VoL MAx are reference levels for measuring timing of Dour. 
5. Dour follows Diy when writing, with WE before CAS. 
6. Referenced to CAS or WE, whichever occurs last. 


7. toff is measured to IoyT <I|ILol. 


3-69 


2108-2 AND 2108-4 


A.C. Characteristics 
Ta = 0°C to 70°C, Vpp = 12V 10%, Voc = 5V +10%, Veg = -5V +10%, Vgg = OV, unless otherwise noted. 
READ-MODIFY-WRITE CYCLE 


es | 
Symbol Parameter Min. Max. Min. Max. Unit 


Waveforms 
READ MODIFY WRITE CYCLE 


— trmw 


[Rn tr ae | | a 


<_<» tay 


tasR —>} tasc im + tan 


Vin NP ROW ‘%/ VA COLUMN \/ 
ADDRESSES y ” xO appress AA A\_aporess A 


‘iaaeneemees trac (@) 
: tcac 
<< 
or HIGH 
o Vou ©) IMPEDANCE VALID 
OUT Vor G) DATA OUT 


Notes 1.2. VIHMIN and VILMAX are reference levels for measuring timing of input signals. 
3.4. VOHMIN and VOLMAX are reference levels for measuring timing of DoyrT. 
5. tOFF is measured tolOUT: ILO . 
6. Referenced to CAS or WE, whichever occurs last. 
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2108-2 AND 2108-4 


Refresh Cycle Waveforms 
CAS BEFORE RAS CYCLES. (64 CYCLE REFRESH) 


‘cyc 


RAS 


CAS 


Vin 
ADORESSES 
Ag As 


Viv 


‘cyc 


RAS 

Vv, @ 

'cRe ‘CH 

Yn WT \7 
CAS 

Vie 

—z — — aaa seem —_——— ee Ee es Ee ee Ee ET a as a a ee a oe RE —ET ee Se Ee ee eee oe 
tan ~_ 
>_> ‘ASR al ——— 

Vin \ / ‘O) \ / \ / 
ADDRESSES VALID VALID 
mao [\.@ (\ [\ 

Vie 


Notes: 1,2. VijHmin and Vi_mMaAx are reference levels for measuring timing of input signals. 
3. CAS must be high or low as appropriate for the next cycle. 


Applications Information 

The 2108 may be refreshed in any of three modes: read 
cycles with RAS before CAS timing as shown on page 5, 
RAS only cycles (page 7), or CAS before RAS cycles (page 
7). In all three modes Az must be held high for the $1572 
and $1627 or low for the $1573 and $1626. The row 
addressed by Ao through As is refreshed. Therefore, 64 
cycles are required to refresh the stored data. 

The CAS-before-RAS mode is useful in the 2116 as a 
technique for increasing memory availability and minimiz- 
ing standby power dissipation by requiring only 64 refresh 
cycles every 2 ms. Systems employing the 2108 in a CAS- 
before-RAS refresh mode can be easily upgraded to the 
most efficient 16K RAM capability. 

Since the 2108 input pin Ace supplies two system addresses 
(Ae and A13) to the internal memory array, it is not possible 
to simply tie this input high or low. The 2108 input Ace 
must be tied to the appropriate level only during row address 
strobe (RAS) and then used to supply the high order sys- 
tem address Ai3 during column address strobe (CAS). 
Control of Ae in a system may be implemented. as shown 
at right. In this circuit the output Ae of multiplexer M 


supplies the appropriate high or low level (determined by 
$1572, $1627, $1573, or $1626) during RAS for both a 
memory cycle and refresh cycle. During CAS, system 
address Ai3 is multiplexed on Ace as shown. See the 2116 
section for additional applications information. 


Ao 

A, 

Ay TO 
SYSTEM MEMORY 
ADDRESSES ARRAY 


+5V 


‘N 
FOR $1572 OR S1627~?-* * 
FOR S1573 OR aia a 


REFRESH ENABLE 
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2108-2 AND 2108-4 


POWER SUPPLY DECOUPLING/ 
DISTRIBUTION 


Power supply current waveforms for the 2108 are shown in 
Figure 3. The Vpp supply provides virtually all of the 
operating current for the 2108. The Vpp supply current, 
lbp, has two components: transient current peaks when the 
clocks change state and a DC component while the clocks are 
active (low). When selecting the decoupling capacitors for 
the Vpp supply, the characteristics of capacitors as well as 
the current waveform must be considered. Suppression of 
transient or pulse currents require capacitors with small 
physical size and low inherent inductance. Monolithic and 
other ceramic capacitors exhibit these desirable character- 
istics.. When the current waveform indicates a DC compo- 
nent, bulk capacity must be located near the current load to 
supply the load power. Inductive effects of PC board traces 
and bus bars preclude supplying the DC component from 
bulk capacitors at the periphery of a memory matrix without 
voltage droop during the active portion of a memory cycle. 
This means that some bulk capacity in the form of electro- 
lytic or large ceramic capacitors should be distributed around 
or within the memory matrix. 


The Vgp supply current, Ipp, has high transient current 
peaks, with essentially no DC component (less than 400 
microamperes). The Vgp capacitors should be selected for 
transient suppression characteristics. The following ca- 
pacitance values and locations are recommended for the 
2108: 


1. A 0.33 uF ceramic capacitor between Vpp and Vsgs 
(ground) at every other device. 


2. AO.1 uF ceramic capacitor between Vpp and Vss at every 
other device (preferably alternate devices to the Vpp 
decoupling above). 


3. A 4.7 uF electrolytic capacitor between Vpp and Vss for 
each eight devices and located adjacent to the devices. 


The Vcc supply is connected only to the 2108 output buffer 
and is not used internally. The load current from the Vcc 
supply is dependent only upon the output loading and is 
usually only the input high level current to a TTL gate and 
the output leakage currents of any OR-tied 2108 (typically 
100 uA or less total). Intel recommends that a 0.1 or 0.01 uF 
ceramic capacitor be connected between Vcc and Vss for 
every eight devices to preclude coupled noise from 
affecting the TTL devices in the system. 


Intel recommends a power supply distribution system such 
that each power supply is grided both horizontally and 
vertically at each memory device. This technique minimizes 
the power distribution system impedance and enhances the 
effect of the decoupling capacitors. 
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OUTPUT DATA LATCH 


The 2108 contains an output data latch eliminating the neec 
for an external system data latch and the timing circuitr 
required to strobe an external latch. The output latc 

operates identically to the 16-pin 4K RAM (Intel 2104 
output latch enhancing the system compatibility of the 16 

and 4K devices. 


Operation of the output latch is controlled by CAS. The datz 
output will go to the high-impedance state immediatel 
following the CAS leading edge during each data cycle anc 
will either go to valid data at access time on selected devices 
(devices receiving both RAS and CAS) or will remain in the 
high impedance state on unselected devices (devices 
receiving only CAS). During RAS-only refresh cycles, the 
data output remains in the state it was prior to the RAS-onl 
cycle. This unique feature of latched output RAMs allows é 
refresh cycle to be hidden among data cycles withou 
impacting data availability. For instance, a RAS-onl 
refresh cycle could follow each data cycle in 
microprocessor system but the accessed data would 
remain at the device output and the microprocessor could 
take the data at any time within the cycle. Non-latched 
output devices do not provide this type of hidden refresh 
Capability since their data output would go to the high 
impedance state at the end of the data cycle. 


in 
2109 FAMILY 
8,192 x 1 BIT DYNAMIC RAM 


2109-3 2109-4 
$6000,S6001 | S6002,S6003 
Maximum Access Time (ns) 


Read, Write Cycle (ns) ars at 
Read-Modify-Write Cycle (ns) 


m@ 8K RAM, Industry Std. 16-Pin Package @ Non-Latched Output is Three-State, 

m +10% Tolerance on All Power Supplies: TTL Compatible 
+12V, +5V, -5V = RAS Only Refresh 

m@ Low Power: 462mW Max. Operating, m 64 Refresh Cycles Required Every 2ms 
20mW Max. Standby m Page Mode Capability 

@ Low Ipp Current Transients = CAS Controlled Output 


@ All Inputs, Including Clocks, TTL Compatible Allows Hidden Refresh 


The Intel® 2109 is a 8,192 word by 1-bit Dynamic MOS RAM which is pin compatible with the industry standard 16K 
dynamic RAMs. The 2109 is manufactured with the same masks as the Intel® 2117 and is fabricated with Intel’s standard 
two layer polysilicon NMOS technology — a production proven process for high reliability, high performance, and high 
storage density. As is shown in the block diagram below, the device is organized as two 8K arrays separated by sense 
amplifiers and column decoders. The selected 8K array is tested for all of the A.C. and D.C. characteristics necessary to 
permit the 2109 to be considered a functionally compatible 8K version of the 16K device. 


The 2109 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low 
current transients and +10% tolerance on all power supplies contribute to the high noise immunity of the 2109 inasystem 
environment. 


The 2109 is available as either an “upper” or “lower” half of the 2117. Row Address 6 (Ag) selects the operating half, and is 
Vin for S6000, S6002, S6064 and S6066 specifications and Aé is Vi_ for S6001, S6003, S6065 and S6067 specifications. 


The 2109 three-state output is controlled by Column Address Strobe (CAS) independent of Row Address Strobe (RAS). 
After a valid read or read-modify-write cycle, data is latched on the output by holding CAS low. The data out pin is returned 
to the high impedance state by returning CAS toa high state. The 2109 hidden refresh feature allows CAS to be held low to 
maintain latched data while RAS is used to execute RAS-Only refresh cycles. 


The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
Only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 64 row address combinations of Ao 
through As. Ae must be at its proper state (ViH or Vi_ depending on the device specification) for 64 cycle refresh. A write 
cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


Ag = Vit 


128 SENSE AMPLIFIERS 
1 OF 64 COLUMN 


D 
DECODERS me 


GATING 
OUTPUT 
BUFFER 


(e) 
= 
N 
ve 
je} 


NOTE 1: $6000, S6002: Ag AT Viy DURING ROW ADDRESS VALID 
$6001, S6003: Ag AT Vi_ DURING ROW ADDRESS VALID ADDRESS 
GATING 


Ag = ViH 


PIN NAMES 


CAS COLUMN ADDRESS STROBE Veg POWER (-5V) po CLOCK CLOCK WRITE DATA 

ee ReRi.. snk RAS GENERATOR GENERATOR ENABLE INPUT 

Diy DATAIN | Vcc _ POWER (+5V) NO. 1 NO. 2 BUFFER LATCH 
Dour DATA OUT Vop POWER (+12V) GAS 
RAS ROW ADDRESS STROBE GROUND a 
N 
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ABSOLUTE MAXIMUM RATINGS* “COMMENT: 

Ambient Temperature Under Bias ... -10°Cto+80°C Stresses above those listed under ‘Absolute Maximum 

Storage Temperature ............. -65°C to +150°C Rating’ may cause permanent damage to the device. This 

Voltage on Any Pin Relative to Ves is a stress rating only and functional operation of the de- 
(Vsgs- VERS 4V) . sctinewuowncadan tens -0.3V to +20V 


vice at these or at any other condition above those indi- 
cated in the operational sections of this specification Is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 


Data Out Current ....c0esccsnexasaveeaneneues 50mA 
POWOr DISSIDPSUOH © acs ak kvveuweun eewev dene veen 1.0W 


D.C. AND OPERATING CHARACTERISTICS''2! 
Ta = 0°C to 70°C, Vpp = 12V +10%, Vcc = 5V +10%, VBB = -5V +10%, Vss = OV, unless otherwise noted. 


Limits 


ee a 
High Impedance State 0.1 10 | whA}| Vout = 0 to 5.5V 
joo | Yoo Supply Current, Standby | | | 45 |malCASangAASatvn | 
IBBI Veep Supply Current, Standby #4 
Ld 


< (2 


Icc1 Vcc Supply Current, Output 
Deselected 


mA| 2109-3, tac = 375ns, tras = 200ns 


2109-4, tac = 410ns, taas = 250ns 
3 


| || 83 
IBB2 VeBB Supply Current, Operating, 
RAS-Only Refresh, Page Mode 150 00 | wA|TaA =0°C 
IDD3 Vpp Supply Current, RAS-Only f| ae mA | 2109-3, tac = 375ns, tras = 200ns 4 
neikeen | | 26 | mA 2109-4, tac = 410ns, tras = 250ns; 4 


26 
IDDs Vpp Supply Current, Standby, 1.5 3 mMA|CAS at Vi_, RAS at Vin 
Output Enabled 
aiinput) [10] [oa[v] SS 


Ipb2 Vpp Supply Current, Operating 


VIL Input Low Voltage (‘all inputs -1.0 
Vor Output Low Voltage «|| «df OA | Vfl = aema SSCS 
Vow [Output High Votage «24 | | | Vilon=-sma SSCS 


NOTES: 

1. All voltages referenced to Vss. 

2. No power supply sequencing is required. However, Vop, Vcc and Vss should never be more negative than -0.3V with respect to Vag as 
required by the absolute maximum ratings. 

3. Typical values are for Ta = 25°C and nominal supply voltages. 

4. See the Typical Characteristics Section for values of this parameter under alternate conditions. 

5. Icc is dependent on output loading when the device output is selected. Vcc is connected to the output buffer only. Vcc may be reduced 
to Vss without affecting refresh operation or maintenance of internal device data. 
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TYPICAL SUPPLY CURRENT WAVEFORMS 


___s-VIH RASEAS 

AAS DS 

ee ih Oa ae 
Vit 


LONG RAS/CAS 


BERR 


RAS ONLY REFRESH 


IBB 
(mA) 


Iss 
(mA) 


200 300 
TIME(ns) 


400 100 200 300 


0 100 


500 


Typical power supply current waveforms vs. time are 
shown for the RAS/CAS timings of Read/Write, Read/ 
Write (Long RAS/CAS), and RAS-only refresh cycles. Ipp 
and Ipp current transients at the RAS and CAS edges 
require adequate decoupling of these supplies. Decoup- 
ling recommendations are provided in the Applications 
section. 


CAPACITANCE! 


400 


TIME(ns) 


500 
TIME (ns) 


The effects of cycle time, Vpp supply voltage and ambient 
temperature on the Ipp current are shown in graphs 
included in the Typical Characteristics Section. Each 
family of curves for Ipp1, Ipp2, and Ipp3 is related by a 
common point at Vop = 12.0V and Ta = 25°C for two given 
tras pulse widths. The typical Ipp current for a given 
condition of cycle time, Vpp and Ta can be determined by 
combining the effects of the appropriate family of curves. 


Ta = 25°C, Vop = 12V+10%, Voc = 5V+10%, VeB = -5V+10%, Vss = OV, unless otherwise specified. 


Symbol 


Ci 
= 
NOTES: 


= 
- 
ee 
CF 


1. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C = It with Av equal to 3 volts and power supplies at nominal levels. 
AV 
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A.C. CHARACTERISTICS") 
Ta = 0°C to 70°C, Vop = 12V +10%, Voc = 5V +10%, VeB = -5V +10%, Vss = OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


$6000,S6001 | S6002,S6003 

Symbol Parameter Min. Max. | Min. Max. Notes 

= 

topN 

tcRP 
200 250 ns 


tCSH CAS Hold Time 


tASR Row Address Set-Up Time 


oe) 
on 


” 


ine) 
on 
wo 


tRAH Row Address Hold Time 
-10 


a) 
” 


tasc Column Address Set-Up Time 


200 
po 
3 Lh 
es 
tCAH Column Address Hold Time 
tar Column Address Hold Time, to RAS ns 
tOFF Output Buffer Turn Off Delay oo 60 | 0 70 | ns 
READ AND REFRESH CYCLES 
tRC Random Read Cycle Time ns 
tRAS RAS Pulse Width ns 
tcas CAS Pulse Width ns 
WRITE CYCLE 
tRC Random Write Cycle Time 375 ns 
tRAS RAS Pulse Width 200 10000; 250 10000; ns 


tCASs CAS Pulse Width 135 10000; 165 10000 


twcs Write Command Set-Up Time 


ns 


on 
on 
N 
on 


tWCH Write Command Hold Time 
twcrR Write Command Hold Time, to RA 120 160 
twP Write Command Pulse Width 
tRWL Write Command to RAS Lead Time 
tcwL Write Command to CAS Lead Time 


tos Data-In Set-Up Time 


on 
on 
baa | 
on 


=) 
” 


100 


= 
n” 


| 
on 


— _ 
fe) fo) 
=) oO 


tDH Data-In Hold Time 
tDHR Data-In Hold Time, to RAS 


READ-MODIFY-WRITE CYCLE 


tRWC Read-Modify-Write Cycle Time 
tRRW RMW Cycle RAS Pulse Width 
tcRW RMW Cycle CAS Pulse Width 
tRWD RAS to WE Delay 

tcwo CAS to WE Delay 


120 


t 
on Nh 
' 
ie) 
” wn n ” 
i<e) 


475 
245 10000; 305 10000 
180 10000} 230 10000 
160 200 


~J 
on 


ice) 
on 
—k 
ine) 
on 


Notes: See following page for A.C. Characteristics Notes. 


w 
~ 
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READ CYCLE epee ee fe eee - 
| | =n —_—— tras ——_————- ——_»> tap > 
Vin @) | 
RAS 
Vit | (2) 
@) , + ‘cso -——_— >= +—_ Le tcpn a 
cre ——> ! | | 
taco tasy-—— _ call | | 
CAS 
Vit (2) 
tar a 
tasr <— tRaH—~> tasc — tCAH 
| 
Vit (2Y\ ADDRESS A\ /\ ADDRESS /\ 
tres ai tacn 
WE 
Vi @) 
D Vou 
or ly IMPEDANCE 
OL 
WRITE CYCLE = ‘sc =< te 
—— tras >| |< tap al 
Vin 
RAS Vib @) @ 
t t 
(8) tcre CSH =) i CPN > 
SS Fee tes 
Vin f ; ‘oa ‘ OS - 
1 CAS 
<_—_-_ —— 
V, 4 Vv 
ADDRESSES Y @) ROW i Y COLUMN 
Vi IN (2) ADDRESS {\ X ADDRESS /\ 
| -trwe 
es towL > 
Vin + — cg — i gg 
x 2 — 
Vit N - ; 
twcr 
tos —> + tp, (6) > 
Vv, " Y 
Vit /* (2) 7 \ 
tpHR - 55 
D VoH HIGH 
ee Vot IMPEDANCE 
NOTES: 1,2. Vi min AND Vip max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 


Ws 
2. 


3,4. 
5. torr IS MEASURED TO Igurt < |ILol. 


6. tps AND toy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

7. tac IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

8. tenp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 


A.C. CHARACTERISTICS NOTES (From Previous Page) 


All voltages referenced to Vss. 

Eight cycles are required after power-up or prolonged periods 
(greater than 2ms) of RAS inactivity before proper device 
operation is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 

A.C. Characteristics assume tt = 5ns. 


. Assume that trop < trcp (max.). If tacp is greater than trcp 


(max.) then trac will increase by the amount that tacp exceeds 
tRcD (max.). 

Load = 2 TTL loads and 100pF. 

Assumes trcp 2 trcp (max.). 


as 
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Von min AND Vo. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 


tRCD (max.) is specified as a reference point only; if tacp is less 
than trcp (max.) access time is trac, if tacp is greater than trop 
(max.) access time is trcp + tcac. 

tT is measured between Vip (min.) and Vit (max.). 


. twcs, tcwpo and trwop are specified as reference points only. If 


twcs 2 twcs (min.) the cycle is an early write cycle and the data 
out pin will remain high impedance throughout the entire 
cycle. If tcwp 2 tcwp (min.) and trwp 2 trwo (min.), the cycle is 
a read-modify-write cycle and the data out will contain the data 
read from the selected address. If neither of the above 
conditions is satisfied, the condition of the data out is 
indeterminate. 


RAM 


WAVEFORMS 
READ-MODIFY-WR 


D 


oO 
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ITE CYCLE 


tRwc 


++——— tap ——> 


trrw 


————— tcpx ————> 


0. IM VW (1) DATAIN / 
IN VL NN vain A 
@) 
a ge 
. VoH VALID 
OT Sg IMPEDANCE DATA OUT 


RAS-ONLY REFRE 


RAS 


SH CYCLE 


CAS 
Vit 
tase <+— traH 
Vi AG ROW \/ 
ADDRESSES A a) ADDRESS A\ 
Vit 
@ 
- Vou HIGH 
oe Bg IMPEDANCE 
HIDDEN REFRESH CYCLE 


re 


OO 
tras -——> aro |~«<—— tras —> <+— tras tap 
Vin 
RAS ®@ 
Vie 
(8) tone — tcas tcpn 
— Vin 
CAS 
Vie 
tcaH p+ tran tRAH 
tase tasr — tasr — 
Vit JN SERRE EN ADDRESS v\ f SAPBRESSY\ PFYSPOK ssv\ 
(2) 
oY 'rcs tRcH ® 
Vin 
we @ 
Vit @) 
7 ‘OFF 
Dout ti VALID DATA © 


Vou 


NOTES: 1,2. 
3,4. 


5. 


6. 
Hs 
8. 


Vin min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
Von min AND Vo. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyt. 

torr IS MEASURED TO lout < |ILol. 

tps AND toy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 

tacH |S REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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TYPICAL CHARACTERISTICS"! 


GRAPH 1 
TYPICAL ACCESS TIME 
trac (NORMALIZED) VS. Vpp 
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ay 
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GRAPH 4 
TYPICAL ACCESS TIME 
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GRAPH 7 
TYPICAL OPERATING CURRENT 
Ipp2 VS. tre 
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ff 
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tac — CYCLE TIME (ns) 


Ipp1 — SUPPLY CURRENT (mA) trac (Vee)/trac (Vee = -5.0V) 


Ipp2 — SUPPLY CURRENT (mA) 


GRAPH 2 
TYPICAL ACCESS TIME 
trac (NORMALIZED) VS. Veg 


Vep — SUPPLY VOLTAGE (VOLTS) 


GRAPH 5 
TYPICAL STANDBY CURRENT 


Ipp1 VS. Vpp 


Vpp — SUPPLY VOLTAGE (VOLTS) 


GRAPH 8 
TYPICAL OPERATING CURRENT 


Ipp2 VS. Vppb 


Ta = 25°C 
Ves = -5.0V 


= 
|| 
11 1 


50 


40 


tras = 200ns 


- trac = 375ns 


20 


_— = 500ns 
trc = 750ns 


2 13 14 


Vpp — SUPPLY VOLTAGE (VOLTS) 


NOTES: See following page for Typical Characteristics Notes. 
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5.0V) 


trac (Vcc)/trac (Vcc 


Ippi1 — SUPPLY CURRENT (mA) 


Ipp2 — SUPPLY CURRENT (mA) 


GRAPH 3 
TYPICAL ACCESS TIME 
trac (NORMALIZED) VS. Vcc 


Ta =70°C 
Vop = 12.0V 
Vee = -5.5V 


“4.0 4.5 5.0 5.5 6.0 


Vec — SUPPLY VOLTAGE (VOLTS) 


GRAPH 6 
TYPICAL STANDBY CURRENT 
Ipp1 VS. AMBIENT TEMPERATURE 


Vop = 13.2V 
Vee = -4.5V 


Ta — AMBIENT TEMPERATURE (°C) 


GRAPH 9 
TYPICAL OPERATING CURRENT 
Ipp2 VS. AMBIENT TEMPERATURE 
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Veep = -5.0V 
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Ta — AMBIENT TEMPERATURE (°C) 
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TYPICAL CHARACTERISTICS |"! 


GRAPH 10 GRAPH 11 GRAPH 12 
TYPICAL RAS ONLY TYPICAL RAS ONLY TYPICAL RAS ONLY 
REFRESH CURRENT REFRESH CURRENT REFRESH CURRENT 
Ipp3 VS. trc Ipp3 VS. Vpp Ipp3 VS. AMBIENT TEMPERATURE 
50 50 
Ta = 25°C 
i. = Veg =e s Vpp = 12.0V 
E = 40 e 4 Vee = -5.0V 
i E = 
£ 30 e 3 
> =| =| 
(s) oO oO 
> > > 
= a | tRAS Posy = 20 | tf 
Ss tre = ns t = 200ns 
2 2 ee m a a 
3 be 8 10 = a 10 a a ian 
s ————__ £ — o —— 
tenmencseen trac = 500ns 
= trac = 750ns tras = 500ns 
tras = 200ns trc = 750ns 
0 0 
200 400 600 800 1000 10 11 12 13 14 0 20 40 60 80 
tac — CYCLE TIME (ns) Vpp — SUPPLY VOLTAGE (VOLTS) Ta — AMBIENT TEMPERATURE ('C) 
GRAPH 13 GRAPH 14 GRAPH 15 
TYPICAL PAGE MODE CURRENT TYPICAL PAGE MODE CURRENT TYPICAL PAGE MODE CURRENT 
Ipp4 VS. tpc Ipp4 VS. Vpp Ipp4 VS. AMBIENT TEMPERATURE 
<q < < 
E é E 
= = = 
; é : 
ing x ac 
Cc eq xc 
= =) =] 
rs) oO tcas = 135ns “ 
> f tpc = 225ns 3 
& & 2 
| | 
3 = | Q tcas = 350ns 3 
= tcas = 135ns ww - ~ tcas = 350ns 
tec = 500ns 
0 
200 400 600 800 1000 
tec — CYCLE TIME (ns) Vpp — SUPPLY VOLTAGE (VOLTS) Ta — AMBIENT TEMPERATURE ( C) 
NOTES: 
GRAPH 16 GRAPH 17 1. Thecycle time, Vpp supply voltage, and 
TYPICAL OUTPUT SOURCE CURRENT TYPICAL OUTPUT SINK CURRENT ambient temperature dependence of Ipp1, 
lou VS. OUTPUT VOLTAGE Voy lo_ VS. OUTPUT VOLTAGE Vo. 1DD2. !DD3 and !pp4 is shown in related 
graphs. Common points of related curves 
are indicated: 
= q @ !pp1 @ Vpp = 13.2V, Ta = OC 
a nmi B® !pp2 0° |pp3 @ tRAs = 200ns, trc = 
c ci 375ns, Vpp = 12.0V, Ta = 25°C 
3 Mi oar eS A !pp20r Ipp3 @ tras = 500ns, tac = 
3 al ¥ 750ns, Vpp = 12.0V, Tp = 25°C 
3 a O lppa @ tcas = 135ns, tpc = 225ns, 
E 5 Vpop = 12.0V, Ta = 25 C 
= 2 A !ppa4 ®@ tcas = 350ns, tpc = 500ns, 
: | Vpop = 12.0V, Ta = 25°C 
z 5 The typical Ipp current for a given com- 
= bination of cycle time, Vpp supply 
voltage and ambient temperature may be 
Von — OUTPUT VOLTAGE (VOLTS) ve; OUTPUT WOLTAGE WOLTS determined by combining the effects of 


the appropriate family of curves. 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE!’®""! 
Ta = 0°C to 70°C, Vpp = 12V+10%, Veco = 5V+10%, Vag = -5V+10%, Vss = OV, unless otherwise noted. 
For Page Mode Operation order: 2109-3* S6064, S6065 or 2109-4* S6066, S6067. 


Symbol Parameter cain, | Max | Min 
ae 


tPc Page Mode Read or Write Cycle 


Be 

pf ns | 

tPCM Page Mode Read Modify Write Ft ons | 
Bt ee 

pins | 

pons 


tcp 

tRPM 
tCAS 
IDD4 


*$6064, S6066: A6 at VIH during Row Address Valid. 
$6065, S6067: A6 at VIL during Row Address Valid. 


WAVEFORMS 
PAGE MODE READ CYCLE 


trem 


tar 


tRsH <— trp 


f= = tcas tcas tcpn 


ADDRESSES Vin —D ROW % y, COL x x COL x COL x 
ADD A /* ADD ia ADD 
ze tres ‘1 trcs 
tacos —> (6) tacH —> tRcH > tRcH 


tcac ——~ tcac tcac 


trac tore torr 


“i o———# 
OUT VoL (4) 


NOTES: 1,2. Vin min AND Vi, max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Vow min AND Vo. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dou. 


5. torr ISMEASURED TO lout IILol. 

tacu IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

ALL VOLTAGES REFERENCED TO Vs. 

AC CHARACTERISTIC ASSUME tr = 5ns. 

SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 

UNDER ALTERNATE CONDITIONS. 

10. tenp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE |i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 

11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 
RESPECTIVE PAGE MODE DEVICE (i.e., 2109-3, S6064 OR S6065 WILL OPERATE AS A 2109-3). 


COND 
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PAGE MODE WRITE CYCLE 


tReM 
tar 


_— = 
RAS 


tRSH tre 
~~ tcrP tec 
. tcas tcas tcas ———> tcpn 
cas’ 
~ 
“Aa as tasc 
X | 


: XS KX z XY | x S a ADD 7 
ADDRESSES ( ‘ ) 
Vit mo. f\ || ADD X ADD (S| avo ~\ 


tWCH 
twcs 
tow. 
© aa 
Vit s 
6) <— twp 
—+—— trwe 
tos toH 
Vin ¥ VALID " 
Din Vi , DATA A 


PAGE MODE READ-MODIFY-WRITE CYCLE 


t 
tcsH tcp > CPN 
(7) tere 
taco tcrw tcrw tcrw 


X - 
tar 
traH 
we 
: 4 4 > 
ADDRESSES Vit A avo A x ADD iy FS JA0D F\ 
a “i 


O° 
Z| 
wm 
<< 
re = 
- 
> 
nn 
ath 
ine 
roy 
> 
x 
- 
ie] 
= 
= 
> 
a” 
oO 
ra 
Ss 
> 
=z 
- 
ie] 
= 
ae 


‘we 
coe, Wh 
a f | 
Vin 
ye | " 
>, VM YY vata Inh/ 
ANS Vi /N VALID ¥\ 
torr 
Vou 
Dour sd 


NOTES: 1,2. Vin min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Von min AND Voi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. torr ISMEASURED TO lout < |ILo|l. 
6. tos AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. a 
7. tenp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e, FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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APPLICATIONS 


The 2109 is packaged in a standard 16-pin DIP by 
multiplexing 14 address bits onto 7 input pins (Ao-Aé). The 
7 bit address words are latched into the 2109 by two TTL 
clocks, Row Address Strobe (RAS) and Column Address 
Strobe (CAS). Since the 2109 is an 8K memory device, only 
13 of the 14 address bits are required and the 14th address 
bit must be at Vin (for S6000, S6002, S6064 or S6066) or ViL 
(for S6001, S6003, S6065 or S6067) during Row Address 
Valid. This means it iS not possible to simply tie input pin 
Aé high or low, since itSupplies two system addresses to 
the memory array. Input pin Ag must be at the appropriate 
level (determined by the “S”-specification) during the row 
address valid period and then changed to the proper high 
order address during the column address valid period. 


READ CYCLE 


A Read cycle is performed by maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 


Device access time, tacc, is the longer of the two 
calculated intervals: 


1. tacc = trac OR 2. tacc = trcp + tcac 


Access time from RAS, trac, and access time from CAS, 
tcac, are device parameters. Row to column address 
strobe delay time, trcp, are system dependent timing 
parameters. For example, substituting the device para- 
meters of the 2109-3 yields: 


3. tacc = trac = 200nsec for 25nsec <trc_ <65 nsec 
OR 
4. tacc = trcpb + tcac = trcp + 135 for trop > 65nsec 


Note that if 25nsec <trcp <65nsec device access time is 
determined by equation 3 and is equal to trac. If tRoL 
>65nsec, access time is determined by equation 4. This 
40nsec interval (shown in the trcp inequality in equation 3) 
in which the falling edge of CAS can occur without 
affecting access time is provided to allow for system 
timing skew in the generation of CAS. 


REFRESH CYCLES 


Each of the 64 rows of the 2109 must be refreshed every 2 
milliseconds to maintain data. Any memory cycle: 


1. Read Cycle 
2. Write Cycle (Early Write, Delayed Write or Read- 
Modify-Write) 
3. RAS-only Cycle 
refreshes the selected row as defined by the low order 
(RAS) addresses. Ag must be held at the proper level (Vi 
or Vi depending on specification) to perform 64 cycle 
refresh operation, but may be driven high and low for 128 
cycle RAS-only refresh without affecting device data 
retention. Any Write cycle, of course, may change the 
state of the selected cell. Using a Read, Write, or Read- 
Modify-Write cycle for refresh is not recommended for 
systems which utilize “wire-OR” outputs since output bus 
contention will occur. 


A RAS-only refresh cycle is the recommended technique 
for most applications to provide for dataretention.A RAS- 
only refresh cycle maintains the Dout in the high 
impedance state with a typical power reduction of 20% 
over a Read or Write cycle. 
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RAS/CAS TIMING 


RAS and CAS have minimum pulse widths as defined by 
tras and tcas respectively. These minimum pulse widths 
must be maintained for proper device operation and data 
integrity. A cycle, once begun by driving RAS and/or CAS 
low must not be ended or aborted prior to fulfilling the 
minimum clock signal pulse width(s). Anew cycle can not 
begin until the minimum precharge time, tre, has been 
met. 


DATA OUTPUT OPERATION 


The 2109 Data Output (Dout), which has three-state 
capability, is controlled by CAS. During CAS high state 
(CAS at Vin) the Output is in the high impedance state. The 
following table summarizes the Dourt state for various 
types of cycles. 


Intel 2109 Data Output Operation 
for Various Types of Cycles. 


Type of Cycle Dour State 


Read Cycle Data From Addressed 
Memory Cell 

Fast Write Cycle HI-Z 

RAS-Only Refresh Cycle | HI-Z 

CAS-Only Cycle HI-Z 

Read/Modify/Write Cycle | Data From Addressed 
Memory Cell 


Delayed Write Cycle Indeterminate 


HIDDEN REFRESH 


A feature of the 2109 is that refresh cycles may be 
performed while maintaining valid data at the output pin. 
This feature is referred to as Hidden Refresh. Hidden 
Refresh is performed by holding CAS at Vi_ and taking 
RAS high and after a specified precharge period (trp), 
executing a “RAS-Only” refresh cycle, but with CAS held 
low (see Figure below). 


REFRESH 
CYCLE 


MEMORY 
CYCLE 


RAS 


CAS 


HIGH Z 
DATA 


This feature allows a refresh cycle to be “hidden” among 
data cycles without affecting the data availability. 


Dout 


POWER ON 


The 2109 requires no power on sequence providing 
absolute maximum ratings are not exceeded. After the 
application of supply voltages or after extended periods of 
bias (greater than 2 milliseconds) without clocks, the 
device must perform a minimum of eight initialization 
cycles (any combination of cycles containing a RAS clock, 
such as RAS-Only refresh) prior to normal operation. 
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POWER SUPPLY DECOUPLING/DISTRIBUTION 


It is recommended that a 0.1nF ceramic capacitor be 
connected between Vpp and Vss at every other device in 
the memory array. A 0.1uF ceramic capacitor should also 
be connected between Vss and Vss at every other device 
(preferably the alternate devices to the Vpp decoupling). 
For each 16 devices, a 10uF tantalum or equivalent 
Capacitor should be connected between Vpp and Vss near 
the array. An equal or slightly smaller bulk capacitor is 
also recommended between Vps and Vss for every 32 
devices. 


The Vcc supply is connected only to the 2109 output 
buffer and is not used internally. The load current from the 
Vcc supply is dependent only upon the output loading and 
is associated with the input high level currenttoaTTL gate 
and the output leakage currents of any OR-tied 2109’s 
(typically 100uA or less total). Intel recommends that a 0.1 
or 0.01uF ceramic capacitor be connected between Vcc 
and Vss for every eight memory devices. 


Due to the high frequency characteristics of the current 
waveforms, the inductance of the power supply distribu- 
tion system on the array board should be minimized. It is 
recommended that the Vpp, Vas, and Vss supply lines be 
gridded both horizontally and vertically at each device in 
the array. This technique allows use of double sided 
circuit boards with noise performance equal to or better 
than multi-layered circuit boards. 


DECOUPLING CAPACITORS 
D=0.1nF TOVpp TO Vss 
B =0.1uF Vep TO Vss 

C =0.01nF Vcc TO Vssg 


SAMPLE P.C. BOARD LAYOUT EMPLOYING VERTICAL 
AND HORIZONTAL GRIDDING ON ALL POWER SUPPLIES. 
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8K UPGRADE FOR 4K SYSTEMS 


The 2109 can be used to upgrade existing 4K (Intel 2104A) 
memory systems with minimal redesign. The 2109 
maintains many of the features of the 4K RAMs. For 
example, the latched data output of the 4Ks can be 
emulated by holding CAS low to maintain data out valid. 
Hidden refresh capability for the 4Ks is also maintained 
with the 2109. The 64 cycle refresh operation of the 2109 
makes it compatible with 4K systems. 


To upgrade a 4K system to accept the 2109, an extra 
memory address multiplexer must be implemented to 
replace the Chip Select (CS) input of the 4Ks. The 
replacement circuitry is shown in the figure below, and 
involves some gating to control the output of the 
multiplexer during row and column address valid periods 
and also some control to handle the multiplexer during 
refresh operation. 


COLUMN 
ENABLE 


Ag (CS) 
TO MEMORY 
ARRAY 


ADDR 12 


in 


2111A/8111A-4* 
256 x 4 BIT STATIC RAM 


2111A-2 250 ns Max. 


350 ns Max. 


2111A-4 450 ns Max. 

& Common Data Input and Output @ Fully Decoded: On Chip Address 

= Single +5V Supply Voltage Decode 

= Directly TTL Compatible: All Inputs and = Inputs Protected: All Inputs Have Pro- 
Output tection Against Static Charge 

™ Static MOS: No Clocks or Refreshing = Low Cost Packaging: 18 Pin Plastic Dual 
Required In-Line Configuration 

= Simple Memory Expansion: Chip Enable = Low Power: Typically 150 mW 
Input = Three-State Output: OR-Tie Capability 


The Intel® 2111A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated ona 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is 
read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 


The 2111A is designed for memory applications in small systems where high performance, low cost, large bit storage, and 
simple interfacing are important design objectives. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. Separate chip enable (CE) leads allow 
easy selection of an individual package when outputs are OR-tied. 


The Intel® 2111A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 
high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 


Intel’s silicon gate technology also provides excellent protection against contamination. This permits the use of low cost 
plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL © BLOCK DIAGRAM 
Ao o > 
® 
a >a 
A2 2 as —fOw MEMORY ARRAY 
@) 32 COLUMNS 
A3 0 : aa 
@ 
A4 oO >a 


COLUMN I/O CIRCUITS 
COLUMN SELECT 


PIN NAMES 
Bote ADDRESS INPUTS 
OD OUTPUT DISABLE _| 


R/W READ/WRITE INPUT : 
CE, ‘CHIP ENABLE 1 R/W a 
| CE2 _—CHIP ENABLE 2 | Ei 

/0;- 1/04 DATA INPUT/OUTPUT @) = 


*All 8111A-4 specifications are identical to the 2111A-4 specifications. 


() = PIN NUMBERS 


2111A FAMILY 


ABSOLUTE MAXIMUM RATINGS* "COMMENT: 

Stresses above those listed under ‘Absolute Maximum 
Ambient Temperature Under Bias... .. -10°C to 80°C Rating may cause permanent damage to the device. This 
Storage Temperature ........... -65°C to +150°C is a stress rating only and functional operation of the de- 


vice at these or at any other condition above those indi- 

Voltage On Any Pin cated in the operational sections of this specification is 
With Respect to Ground ......... -0.5V to +7V not implied. Exposure to absolute maximum rating con- 
Power Dissipation ..cisccsaccancucsacé 1 Watt ditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°C to 70°C, Vec = 5V +5% , unless otherwise specified. 


lo Input Load Current Pf a | 10 fA Vin = 0 to 5.25V 
lLOH 1/O Leakage Current PTF 10 fA Output Disabled, Vio =4.0V 
lee Power Supply 2111A, 2111A-4 ee ee oe Vin = 9.25V 

Current 2111A-2 | «| 4 me | lo = OMA, Ta = 25°C 
loc2 Power Supply 2111A, 2111A-4 ——}- 5 - Vin = 5.25V 

Current 2111A-2 Se lo = OMA, Ta = 0°C 
‘ Output High 2111A, 2111A-2 | 24 7 [| of ve | lon =-200uA 

On Voltage 2111A-4 | 24 | | | | lon = -T50uA 
OUTPUT SOURCE CURRENT VS. OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE OUTPUT VOLTAGE 


CH. 
AMBIENT TEMPERATURE = cH | 


q = 10 
E t 
3 3 

cc = 4.75V 5 

OUTPUT “HIGH” TYPICAL 
0 
0 0.5 1.0 1.5 
Von (VOLTS) Voy (VOLTS) 


NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
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A.C. CHARACTERISTICS FOR 2111A-2 (250 ns ACCESS TIME) 
READ CYCLE Ta, =0°Cto 70°C, Vcc = 5V +5%, unless otherwise specified. 


Symbol | Parameter | Mins 
ta | AccessTime SSS~=~iSC‘“‘*‘*~*S 
after change of Address 
WRITE CYCLE 
symbol 
we | WrtePube SCO 


CAPACITANCE Tp = 25°C, f= 1MHz 


Symbol Test 


Input Capacitance 
(All Input Pins) Vijy = OV 
1/0 Capacitance Vijo = OV 


Unit Test Conditions 


—| 
< 
C.., 


t,, te = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C, = 100pF. 


w 
oO 


Test Conditions 


wn 


t,, ts = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C; = 100pF. 


= 
n 


WAVEFORMS 
READ CYCLE 


ADDRESS 


CHIP 
ENABLES 
(CE1, CE2) 


OUTPUT 
DISABLE 


DATA 1/O 


WRITE CYCLE 


aa 


CHIP 


ENABLES 
(CE,. CE.) 


OUTPUT 
DISABLE 


——_— tos | ——__—_ tow ———> 


— === aes cap aa au — ame 
DATA IN 
DATA I/O STABLE J 
— = ae ame ae aa 


we 


=— taw—— 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
3. tpF is with respect to the trailing edge of CE;, CE9, or OD, whichever occurs first. 
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2111A (350 ns ACCESS TIME) 


A.C. CHARACTERISTICS 
READ CYCLE Ty, =0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


Parameter 
Access Time 

Chip Enable To Output 
Output Disabie To Output 
Data Output to High Z State 


Previous Read Data Valid 
after change of Address 


Symbol 


tor [2] 


WRITE CYCLE 
Symbol Parameter 
twe Write Cycle 
taw Write Delay 
tcw Chip Enable To Write 
tow Data Setup 
tpoH Data Hold 
twp Write Pulse 
twr Write Recovery 
tos Output Disable Setup 


2111A-4 (450 ns ACCESS TIME) 


A.C. CHARACTERISTICS 
READ CYCLE Ty, =0°C to 70°C, Vcc = 5V +5%, unless otherwise specified. 


Symbol Parameter Tye" | Max. | Unit 
trc Read Cycle ft yg tS 
ta Access Time 
tco Chip Enable To Output pe ns 
top Output Disable To Output 250 ns 
tor [2] Data Output to High Z State a ns 
ton | srorcnne o acire—| ||| 
after change of Address 
WRITE CYCLE 
Symbol | Parameter |i. | Type] Max. | Unit | 
wr Ts 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. tprF is with respect to the trailing edge of CE;, CE, or OD, whichever occurs first. 
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Test Conditions 


t,, ts = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C; = 100pF. 


Test Conditions 


t,, te = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C; = 100pF. 


Test Conditions 


t,, ts = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C; = 100pF. 


Test Conditions 


t,, ts = 20ns 
Input Levels = 0.8V or 2.0V 
Timing Reference = 1.5V 
Load = 1 TTL Gate 

and C; = 100pF. 


intel 
2112A 
256 X 4 BIT STATIC RAM 


2112A-2 250 ns Max. 
350 ns Max. 


450 ns Max. 


2112A-4 


@ Single +5V Supply Voltage = Fully Decoded: On Chip Address 
= Directly TTL Compatible: All Inputs and Decode 
Outputs = Inputs Protected: All Inputs Have Pro- 
m Static MOS: No Clocks or Refreshing tection Against Static Charge 
Required # Low Cost Packaging: 16 Pin Plastic Dual 
= Simple Memory Expansion: Chip Enable In-Line Configuration 
Input @ Low Power: Typically 150 mW 


@ Three-State Output: OR-Tie Capability 


The Intel® 2112A is a 256 word by 4-bit static random access memory element using N-channel MOS devices integrated ona 
monolithic array. It uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. The data is 
read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 


The 2112A is designed for memory applications in small systems where high performance, low cost, large bit storage, and 
simple interfacing are important design objectives. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate chip enable (CE) lead allows 
easy selection of an individual package when outputs are OR-tied. 


The Intel® 2112A is fabricated with N-channel silicon gate technology. This technology allows the design and production of 


high performance, easy-to-use MOS circuits and provides a higher functional density on a monolithic chip than either 
conventional MOS technology or P-channel silicon gate technology. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
~ — as Vcc 
161 | Vcc @) 
ae as GND 
15] JAa Q) — MEMORY ARRAY 
141] We “ @ cael 32 COLUMNS 
A3 0 
13, _]cE ® 
A4 oO 


COLUMN I/O CIRCUITS 
COLUMN SELECT 


INPUT 
DATA 
CONTROL 


PIN NAMES 


Ay-Az ADDRESS INPUTS 
e 


CE CHIP ENABLE INPUT 
©) =PIN NUMBERS 


1/0, -1/0, DATA INPUT/OUTPUT 
Vee: POWER (+5V) 
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ABSOLUTE MAXIMUM RATINGS* ET 

Stresses above those listed under ‘'Absolute Maximum 
Ambient Temperature Under Bias... .. -10°C to 80°C Rating'' may cause permanent damage to the device. This 
Storage Temperature ........... -65°C to +150°C is a stress rating only and functional operation of the de- 


; vice at these or at any other condition above those indi- 

Voltage On Any Pin cated in the operational sections of this specification is 
With Respect to Ground ......... -0.5V to +7 not implied. Exposure to absolute maximum rating con- 
Power Dissipation ..............-..200- 1 Watt ditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°C to 70°C, Voc = 5V +5% unless otherwise specified. 


—_ 
— 
— 


nit Test Conditions 


= 
< 
T 


Symbol Parameter 


My Input Current Yok ee Vin = 0 to 5.25V 

ILOH 1/O Leakage Current a a ae Output Disabled, Vijo=4.0V 

LoL | WO Leakage Current || -1 | 10 | WA | OutpurDiablee, Vip=0.45V 

loci Power Supply —- 2112A, 2112A-4 ——38 | | mA Vin = 5.25V, lio =OmA 
Current 2112A-2 | 45 | 65 | Ta = 25°C 

a Power Supply 112A, 2112A-4 ea Vin = 5.25V, lio = OmA 
Current 2112A-2{ | =| 70 | Ta =O°C 

ViL Input “Low” Voltage /-05} | o8 | vi | 

Vin Input ‘’High’’ Voltage | 20) | Veo} vi 

VoL Output “Low” Voltage t fob | +0.45 lo. = 2.0 mA 

Vou Output “High” = 2112A, 2112A-2] 24[ lon = -200uA 
Voltage mize] 24] [|v] ton = 15H 


A.C. CHARACTERISTICS FOR 2112A-2 
READCYCLE Ty, =0°C to 70°C, Vec = 5V +5% unless otherwise specified. 


| Max. | Unit Test Conditions 
ps 


t,, te = 20ns 


Symbol Parameter 
tre Read Cycle 


ta Access Time 
Chip Enable To Output Time 
tcp Chip Enable To Output Disable Time 


tou Previous Read Data Valid After 
Change of Address 


Timing Reference = 1.5V 


pins | 
as Load = 4 TTL Gate 


and C, = 100pF. 


ot 
QO 
O 
a 
oO 


ADDRESS 


Input Capacitance 
(All Input Pins) Viny = OV 


1/O Capacitance Vijo = OV 


CHIP ENABLE 


t 


cD 
(YS 


\) 


Akt 


INPUT/OUTPUT 


ZZ 


NOTES: 


1. Typical values are for Ta = 25° C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS FOR 2112A-2 (Continued) 
WRITE CYCLE #1 Ty =0°C to 70°C, Vcc = 5V +5% 


twcr | Write Gyele 00 [ne Pa = 20s 

raw | Address To Wie Setup Time | 20 |] ] ns] Input Levels = 0.8V or 2.0V 
tow | WriteSetupTime | 180 | | |i | Timing Reference = 1.5V 
twer | Write Pulse Width | 180 | ||| Load = 1 TTL Gate 

test Chip Enable Setup Time Fo ff fons and C, = 100pF. 
tcHt Chip Enable Hold Time Fo ff) Tons | 


WRITE CYCLE #2 Ta =0°C to 70°C, Voc = 5V +5% 


wea | WriteCyele—S~S~— SSCs tty 20 
tang | Address To Write Setup Time | 20 [| | ns _| Input Levels = 0.8V or 2.0V 
Pf ons | Timing Reference = 1.5V 
| | ons | Load = 1 TTL Gate 
and C. = 100pF. 


WRITE CYCLE WAVEFORMS 
WRITE CYCLE #1 WRITE CYCLE #2 


> 


DATA IN 
STABLE 


NOTE: 1. Typical values are for Ta = 25° C and nominal supply voltage. 


ADDRESS ADDRESS 


CHIP ENABLE 


| 


ENABLE 


v0 


CHI 


INPUT/OUTPUT 
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A.C. CHARACTERISTICS FOR 2112A 


READCYCLE T, =0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 


inc | ReadGyole —SS*d CHD] | | s(| ,ty = 20s 

ta | Access Time ————SS~*dSS*dS «880 | ns _| Input Levels = 0.8V or 2.0V 
‘co | Chip Enable To OutputTime | | | 240 | ons Timing Reference = 1.5V 
te | ChipEnable ToOutputDisableTime| 0 | | 200 | ns | (oag=1TTL Gate 


and C, = 100pF. 


Change of Address 


WRITE CYCLE #1 Ta, =0°C to 70°C, Vcc = 5V +5% 


Symbol Parameter | Min. | typ!t!] Max. | Unit | Test Conditions 
twct Write Cycle = 


| Parameter 
| WriteCycle od 

iwer | Write Pulse with ~~~ 250-| | | m* | toag=1 TTL Gate 
[Chip Enable to Write Setup Time fn 


tow1 Chip Enable to Write Setup Time 


WRITE CYCLE #2 T, =0°Cto 70°C, Voc = 5V +5% 


Symbol Typ. Test Conditions 

twos tty = 20ns 

taw2 Input Levels = 0.8V or 2.0V 
tow2 Write Setup Time Timing Reference = 1.5V 
wos Load = TTL Gate 


tcs2 Chip Enable Setup Time ns and C, = 100pF. 
tcH2 Chip Enable Hold Time ns 
twrR2 Write Recovery Time ns 


tpH2 Data Hold Time 


SEPSIS 
S|o!1—'|o 
ale 
wn 


NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
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2112A FAMILY 


A.C. CHARACTERISTICS FOR 2112A-4 


READCYCLE Ty, =0°C to 70°C, Vcc = 5V +5% unless otherwise specified. 


tre Read Cycle 
: 


Unit Test Conditions 


= 
< 
T 


NO} © 
o|— 
nla n 


=) 


t,, ts = 20ns 
Input Levels = 0.8V or 2.0V 


___*co Chip Enable To Output Time az Timing Reference = 1.5V 
tcp Chip Enable To Output Disable Time od n Lead= 4 TTL Grete 
toH Previous Read Data Valid After and C, = 100pF. 


Change of Address 


WRITE CYCLE #1 T, =0°C to 70°C, Vcc = 5V +5% 


Symbol Parameter Min. Typ! | Max. | Unit Test Conditions 

twor__| Write Gyek ee a cc er 

tAW' pddies 15 Wie Setup ne 20 | | | Input Levels = 0.8V or 2.0V 
towt Write Setup Time 300 | | |__| Timing Reference = 1.5V 
iad erite Purse wae 300 | Ts | toad = 1 TTL Gate 


WRITE CYCLE #2 Ty =0°C to 70°C, Voc = 5V +5% 


Symbol Parameter | Min. | Typ ] 


Unit Test Conditions 


Parameter | Max. | Unit | 
is os a = 20m 
iwo2 | Write To Output Diable Time | 260 | | | r=] oq 1 TTI Gate 
icsa__| ChipEnabieSewpTime | 0 | | | rs | andG, = 100pF 


NOTE: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
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& ® 


In 


2114 
1024 X 4 BIT STATIC RAM 


Max. Access Time (ns) 
Max. Power Dissipation (mw) 


High Density 18 Pin Package = Directly TTL Compatible: All Inputs 
Identical Cycle and Access Times and Outputs 


Single +5V Supply = Common Data Input and Output Using 
Three-State Outputs 


# Pin-Out Compatible with 3605 and 3625 
Bipolar PROMs 


No Clock or Timing Strobe Required 
Completely Static Memory 


The Intel® 2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon-Gate 
MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and therefore 
requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not required. The 
data is read out nondestructively and has the same polarity as the input data. Common input/output pins are provided. 


The 2114 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing are 
important design objectives. The 2114 is placed in an 18-pin package for the highest possible density. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead allows 
easy selection of an individual package when outputs are or-tied. 


The 2114 is fabricated with Intel’s N-channel Silicon-Gate technology — a technology providing excellent protection against 
contamination permitting the use of low cost plastic packaging. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
A3 a > 2a Voc 
Ag ® > a «<——— Gnd 
As > as MEMORY ARRAY 
4 ROWS 
Ag o. y pelaet 64 COLUMNE 
a, © 
X 
V0, 
v0, & 
vo, @ 
vo, @ 


= in 
cs O 

nnencece ee, —————_—_—_—— 
al a 


Ayp-Ag ADDRESS INPUTS Voge POWER (+5V) | ©) = PIN NUMBERS 


WE WRITE ENABLE GNDGROUND | 
cs CHIP SELECT 


1/0, 1/0, DATA INPUT/OUTPUT 
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2114 FAMILY 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute 
Temperature Under Bias ............ -10°C to 80°C seclalliaiid Ratings’ may cause permanent damage to the 
Storage Tempera He ok hime -65°C to +150°C device. This is a stress rating only and functional opera- 
Volfage-on Any Fin tion of ee BEN IGe at these id any other conerwons above 

With Respect to Ground ........... -0.5V to +7V Mose ineicaied i the operational sections of this specifi- 
Bower RSPSHON ideuacacddcmvecaeeuds 1.0W cation is not implied. Exposure to absolute maximum 
DG Qutput Cuivent. «i csasacsesnweacnians 5m A rating conditions for extended periods may affect device 


reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°Cto 70°C, Vec = 5V + 5%, unless otherwise noted. 


2114L2, 2114L3, 2114L 
Min. Typ.[1] Max. 


2114-2, 2114-3, 2114 
Min. Typ.[1] Max. 


SYMBOL PARAMETER UNIT CONDITIONS 


Input Load Current 
(All Input Pins) 


Lol 1/O Leakage Current 


hey Vin = 0 to 5.25V 


CS = 2.4V, 
Vijo = 0.4V to Vcc 


iL. 
3 3 = so 
218/3]/</<| 3] 3] 5) 518 


lect Power Supply Current 80 95 mA Vin = 5.25V, lio = O mA, 
Ta=25C 

lcc2 Power Supply Current 70 Vin = 5.25V, lig =O mA, 
Ta =0°C 

ViL Input Low Voltage -0.5 0.8 -0.5 0.8 

Vin Input High Voltage 2.0 6.0 2.0 6.0 

lok 21 6.0 21 6.0 Vo. = 0.4V 

lou Output High Current -1.0 -1.4 -1.0 -1.4 m Vou = 2.4V 


= 
> 


logl2I Output Short Circuit 
Current 


NOTE: 1. Typical values are for Ty = 25°C and Vcc = 5.0V. 
2. Duration not to exceed 30 seconds. 


CAPACITANCE 
Ta = 25°C, f = 1.0 MHz 


Input/Output Capacitance 


SYMBOL 


Input Capacitance 


NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. CONDITIONS OF TEST 
inet Puce LOVES ng acc cae tem ee eee be ee ee ee ne eee ee ee 0.8 Volt to 2.4 Volt 


Inpot Rise arid Fall THMGS ou cies ce wae eee ea eae Oe eee eee eee eae ee ee 10 nsec 
Input and Output Timing Levels... ce cawc ec ce eee es neen data eee eee ees 1.5 Volts 
COUTRUE LOGE cite es bs oS ee wh ee ERS ete Ere we 1 TTL Gate and C; = 100 pF 
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2114 FAMILY 


A.C. CHARACTERISTICS § Ty, =0°Cto 70°C, Voc = 5V + 5%, unless otherwise noted. 


READ CYCLE !1! 


SYMBOL PARAMETER Min. Max. | Min. Max. | Min. Max. | UNIT 


WRITE CYCLE ![2! 


2114-2, 2114L2| 2114-3, 2114L3|} 2114, 2114L 
SYMBOL PARAMETER Min. Max. | Min. Max. | Min. Max. | UNIT 
tou Data Hold From Write Time a 0 ns 
NOTES: 
1. A Read occurs during the overlap of a low CS anda high WE. 
2. A Write occurs during the overlap of a low CS and a low WE. 
WAVEFORMS 
READ CYCLE® WRITE CYCLE 
two 
ADDRESS eee. 
ADDRESS 
@ twR 
CANNAINS: MLLLLLLLLLLLLL$. 
cs 
tw 
we © 
Dout 
<— toTw 
NOTES: Pour PY) 
GB) WE is high for a Read Cycle. tow tbH 
(4) If the CS low transition occurs simultaneously with the WE low 
transition, the output buffers remain in a high impedance state. Din ae ee. 


6) WE must be high during all address transitions. 
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fo>) 


2114 FAMILY 


TYPICAL D.C. AND A.C. CHARACTERISTICS 


NORMALIZED ta 


NORMALIZED ta 


lon (mA) 


NORMALIZED ACCESS TIME VS. 


SUPPLY VOLTAGE 


S 
fa 
lw 
N 
P| 
<q 
= 
c 
ro) 
2 
4.75 5.00 5.25 5.50 
Vec (V) 
NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 
8 
fa 
Ww 
N 
aa | 
< 
= 
cc 
re) 
2 
Cy (pF) 
OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 
<q 
£ 
3 
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NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 


0.6 


0.5 
60 


o 
N 
° 


Ta (°C) 


NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 


OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 


In 


M2114 
1024 X 4 BIT STATIC RAM 


Max. Access Time (ns) 
Max. Power Dissipation (mW) 


High Density 18 Pin Package = Directly TTL Compatible: All Inputs 
Identical Cycle and Access Times and Outputs 
Single +5V Supply = Common Data Input and Output Using 


Three-State Outputs 


= Military Temperature Range 
-55°C to +125°C 


No Clock or Timing Strobe Required 
Completely Static Memory 


The Intel® M2114 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon- 
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and 
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not 
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are 
provided. 


The M2114 is designed for memory applications where high performance, large bit storage, and simple interfacing are 
important design objectives. The M2114 is placed in an 18-pin package for the highest possible density. 


It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate Chip Select (CS) lead 
allows easy selection of an individual package when outputs are OR-tied. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
A3 ® > 
A, @ > ae 
As ® Le] row MEMORY ARRAY 
@) SELECT 64 ROWS 
Ag > =e 64 COLUMNS 
A; > ane 
Ag zs 
1/0, » ——— 
as 
8 _.| oy 
DA 
vo, @ 
vo, 2 
cs , 
PIN NAMES @ — 
"Veg POWER (+5V) | WE = ©) = PIN NUMBERS 


WRITE ENABLE 
cs CHIP SELECT 


1/0, -1/0, DATA INPUT/OUTPUT 
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intel 
2115A, 2125A FAMILY 
HIGH SPEED 1K X 1 BIT STATIC RAM 


2115AL 
2125AL 


2115AL-2 
2125AL-2 


Max. Taa(ns) 
Max lectma) | 75 cn 


» Pin Compatible To 93415A = TTL Inputs And Outputs 
(2115A) And 93425A (2125A) 


#® Single +5V Supply 


« Fan-Out Of 10 TTL (2115A Family) « Uncommitted Collector (2115A) 
--16mA Output Sink Current And Three-State (2125A) Output 


= Low Operating Power Dissipation « Standard 16-Pin Dual In-Line 
--Max.0.39mW/Bit (2115AL, 2125AL) Package 


The Intel® 2115A and 2125A families are high-speed, 1024 words by 1 bit random access memories. Both open collector 
(2115A) and three-state output (2125A) are available. The 2115A and 2125A use fully DC stable (static) circuitry through- 
out — in both the array and the decoding and, therefore, require no clocks or refreshing to operate. The data is read out non- 
destructively and has the same polarity as the input data. 


The 2115AL/2125AL at 45 ns maximum access time and the 2115AL-2/2125AL-2 at 70 ns maximum access time are fully 
compatible with the industry-produced 1K bipolar RAMs, yet offer a 50% reduction in power of their bipolar equivalents. 
The power dissipation of the 2115AL/2125AL and 2115AL-2/2125AL-2 is 394 mW maximum as compared to 814 mW 
maximum of their bipolar equivalents. For systems already designed for 1K bipolar RAMs, the 2115A/2125A and the 
2115A-2/2125A-2 at 45 ns and 70 ns maximum access times, respectively, offer complete compatibility with a 20% reduction 
in maximum power dissipation. 


The devices are directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. A separate select (CS) lead 
allows easy selection of an individual package when outputs are OR-tied. 


The 2115A and 2125A families are fabricated with Intel’s N-channel MOS Silicon Gate Technology. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


WORD 
DRIVER 
Ag 
A, 
Az 
A3 
A, 


SENSE AMPS CONTROL 
LOGIC D. 
(SEE TRUTH OUT 
DRIVERS TABLE) ‘O) 


As 
Ag 
A; 
Ag 


Ag 


ADDRESS ADDRESS 
Vec = PIN 16 “ DECODER DECODER 
GND = PIN8 ouT 
CS WE Dy 
© ® @ 
PIN NAMES 
cs CHIP SELECT 
Ag TO Ag ADDRESS INPUTS 
WE WRITE ENABLE 
Din _DATA INPUT 
Dout DATA OUTPUT 
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2115A, 2125A FAMILY 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias............. -10°C to +85°C *COMMENT: Stresses above those listed under “Absolute Maxi- 


Storage Temperature.............. -65°C to +150°C mum Ratings” may cause permanent damage to the device. This is a 
; stress rating only and functional operation of the device at these or 


All Output or Supply Voltages Oe Ses Se -0.5V to +7V at any other conditions above those indicated in the operational 
All Input Voltages..............04. —0.5V to +5.5V sections of this specification is not implied. Exposure to absolute 
D.C. Output Current ...........-eeccc2 ee ne 20 mA maximum rating conditions for extended periods may affect device 


reliability. 


D.C. CHARACTERISTICS!"-2! 
Vec = 5V +5%, Ta =O Cto 75°C 


VoL! 2115A Family Output Low Voltage | 


Conditions 


lo. = 16mA 


z 
< 
Tc 
Cc 
3 
Hi 


_ 


< 


; = 
5 

= |< 
2 

o) 
| 

= 

m® 

x 


= 
2 

| 
BS 
on 
< 


“7 


A 
Norr| | 2125A Family Output Current (High Z) | 0.1 | 50 | uA | Veco =Max., Voyr = 0.5V/2.4V 
2125A Family Current Short Circuit 
[3] - 


VOH Family Output High Voltage p24 fo fv | lon = -3.2 mA 


Power Supply Current: 


| loc1: 2115AL, 2115AL-2, 2125AL, All Inputs Grounded, Output 
cc 2125AL-2 Open 
lec2: 2115A, 2115A-2, 2125A, 2125A-2 
NOTES 


1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a two minute 
warm-up. Typical thermal resistance values of the package at maximum temperature are: 


6 3A (@ 400 fppy air flow) = 45° C/W 

0 JA (still air) = 60° C/W 

6 jC = 25°C/W 
2. Typical limits are at Vcc = 5V, Ta = +25°C, and maximum loading. 
3. Duration of short circuit current should not exceed 1 second. 
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2115A, 2125A FAMILY 


2115A FAMILY A.C. CHARACTERISTICS!"2! vg = 5V +5%, Ta = 0°C to 75°C 
READ CYCLE 


2115AL Limits | 2115A Limits 2115A-2 Limits 
Symbol Test Min. Typ. Max.|Min. Typ. Max.| Min. Typ. Max.|Min. Typ. Max. 
l 3 30 


tres Chip Select Recovery Time 


5 
Previous Read Data Valid After 
10 1 1 10 
= Change of Address poo fet 


WRITE CYCLE 


Write Enable Time 10. 25 10 30 10 25/ 10 40| 
Write Pulse Width 30 20 30 10 


Data Set-Up Time Prior to Write 
twHD Data Hold Time After Write 


15 0 


Adaress Set-Up Time [so [so 


Chip Select Set-Up Time 


30 15 
Chip Seleot Hold Time [so 


A.C. TEST CONDITIONS 


Vcc 


30022 
2115A anD = > + 10ns ~~ « -10ns 
Dout 
60082 30pF : —_ 
(INCLUDING 
SCOPE AND 
JIG) . 4 : : : % 
GND = > (+— 10ns —> <- 10ns 


READ CYCLE WRITE CYCLE 


_— | tons _ ae 


DATA VALID 


Dout 


WE 


PROPAGATION DELAY FROM CHIP SELECT 


L. tacs - | —_— 


| | 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2115A, 2125A FAMILY 


2125 FAMILY A.C. CHARACTERISTICS" 2) Veg = 5V +5%, Ta = 0°C to 75°C 
READ CYCLE 


2125AL Limits | 2125A Limits |2125AL-2 Limits] 2125A-2 Limits 
Symbol Test Min. Typ. Max.|Min. Typ. Max.}| Min. Typ. Max.|Min. Typ. Max.|Units 


Chip Select Time 5 15 30] 5 15 30] 5 15 30] 5 15 40| ns. 
10 30 10 30 10 30 10 
40 70 40 
10 


Chip Select to HIGH Z 


‘ Previous Read Data Valid After 10 10 10 ns 
a Change of Address 


WRITE CYCLE 


Tiaus | WiteErabletoHiGhz | 10 28| 1 20] 10 25] 10 «0 | mm 
3010 
Piwso | Data Set Up Time Priortowrte [| 0-8 


jo) 
NO 
ol 
i 
a 


so 
Pisa | Address SerUptime «|: 0 
wa | Adres Hold Time i SO 
Tiwses | Chip Select StUpTime _——~+t sO 
Ptwnies” | Chip SelectHold Time «iY 80 


A.C. TEST CONDITIONS 


Vcc he --- - - 
51022 ——_ oe 7 — 
2125A - _ as! 
Dour 
3002 30pF 
(INCLUDING Se Set re, SP at 20 ee aes ee ee ot ee = ee 
SCOPE AND 3.5Vp-p | 
416) ) == 4- 90% 
! , I I 
if 


GND >" <— 10ns oe <+—10ns 


READ CYCLE WRITE CYCLE 


Birr : DATA VALID 


PROPAGATION DELAY FROM CHIP SELECT 


| | 

| rey eee <> 'WHD 
| | 
| 

| 


—<— twsa—> 


cs 1.5V 


}—_—— twscs ———> 


Dout 


Dout 


Ue MU, 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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2115A, 2125A FAMILY 


2125A FAMILY WRITE ENABLE TO HIGH Z DELAY 


5V 
y WE 
WRITE ENABLE 1.5V 
75082 
DOUT 
DOUT “gr 
5 pF DATA OUTPUT aera 


“1 LEVEL 


DouT 
= DATA OUTPUT 


LOAD 1 


2125A FAMILY PROPAGATION DELAY FROM CHIP SELECT TO HIGH Z 


cs 
CHIP SELECT 


t — = aw a= ae 
Baie ZRCS 


DATA OUTPUT 


“O" LEVEL 


“V" LEVEL 


——F 0.5V 
DouT 
DATA OUTPUT 


(ALL tzx~x% PARAMETERS ARE MEASURED AT A DELTA 
OF 0.5V FROM THE LOGIC LEVEL AND USING LOAD 1.) 


2115A/2125A FAMILY CAPACITANCE* Vcc=5V, f=1MHz, Ty = 25°C 


2115A Family 2125A Family 
SYMBOL TEST LIMITS LIMITS UNITS 


Ft] yet t 


Output Capacitance p CS = 5V, All Other Inputs = OV, 
Output Open 


*This parameter is periodically sampled and is not 100% tested. 


TEST CONDITIONS 


TYPICAL CHARACTERISTICS 


Icc VS. TEMPERATURE loc VS. Vec ACCESS TIME VS. TEMPERATURE 


110 
2125A, 2125A-2 100 rit =. 


70 


2115A, 2115A-2 


2125A, 2125A-2 2115AL-2, 2115A-2° 


50 2125AL-2, 2125A-2 


Icc (mA) 


loc (mA) 
| 
oO 
TAA (ns) 
> 
r=) 


2115AL, 2115AL-2 
2125AL, 2125AL-2 60 


2115AL, 2115A 


2125AL, 2125A 


ir 2115AL, 2115AL-2 


x 2125AL, 2125AL-2 
ey | yt thee : 
T Ta = 25°C 
0 
o 1 2 3 4 § 6 7 8 


Vcc (V) 


TEMPERATURE (°C) TEMPERATURE (°C) 
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In e M2115A, M2125A, FAMILY 
HIGH SPEED 1K X 1 BIT STATIC RAM 


M2115AL, M2125AL 


Wax taaos [| 7% | 
Mex tec@m) [78] 


=» Low Operating Power Dissipation = Uncommitted Collector 


413mW (M2115AL, M2125AL) (M2115A, M2115AL) and Three 
=» Fast Access Time Over —55°C State (M2125A, M2125AL) 
to 125°C --55ns Maximum Output 


(M2115A, M2125A) 
# Single 5V Supply With 710% 
Tolerance » Hermetic 16 Pin Dual In-Line 
» TTL Inputs and Output Package 


= Non-Inverting Data Output 


The Intel® M2115A and M2125A families are fully static, random access memories (RAMs) organized as 1024 words by 1 
bit, which operate over a -55°C to +125°C ambient temperature range. Both open collector (M2115A) and three-state 
(M2125A) outputs are available. The M2115A and M2125A use fully DC stable (static) circuitry throughout in both the array 
and the decoding, and, therefore, require no clocks or refreshing to operate. The data is read out nondestructively and has the 
same polarity as the input data. 


The M2125AL/M2125AL is ideal for high-performance systems where speed and power dissipation are significant design con- 
siderations. They have a maximum access time of 75 ns, while power dissipation is only 413 mW maximum. The M2115A/ 
M2125A at 55 ns maximum should be considered for applications in which speed is a primary design objective. 


The devices are directly TTL compatible in all respects: inputs, outputs and a single +5V supply. A separate chip select lead 
allows easy selection of an individual package when outputs are OR-tied. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


WwORD 
DRIVER 


CONTROL 
LOGIC 
(SEE TRUTH 

TABLE) 


SENSE AMPS 
AND 


WRITE 
DRIVERS 


OuT 


@ 


ADDRESS 


ADDRESS 


Veco = PIN 16 ns DECODER DECODER 
GND = PIN8 ouT 
ira 
Ay A, Ap Ag Ag Ay Ag Az Ag Ag CS WE Dy 
®BOOO OMOOaQ®” O ® & 
PIN NAMES 


TRUTH TABLE 
crip SeVeet OUTPUT OUTPUT 
WRITE ENABLE 

DATA INPUT 
DATA OUTPUT 
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M2115AL, M2115A, M2125AL, M2125A 


ABSOLUTE MAXIMUM RATINGS* 
*COMMENT: Stresses above those listed under ‘Absolute Maxi- 


e le) ° 
Temperature Under Bias........... -65 C to +135 C mum Ratings’’ may cause permanent damage to the device. This is 
Storage Temperature .............. -~65°C to +150°C a stress rating only and functional operation of the device at these 
All Output or Supply Voltages See ee 4 -0.5V to +7V or at any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
All Input Voltages... ...........005. -0.5V to +6V maximum rating conditions for extended periods may affect device 
OC. Cutout CUNVEHE 4.45 nc2 nce e wm nenacudan 20 mA reliability. 


D.C. CHARACTERISTICS!*2! 
Vec = 5V +10%, Ta = -55°C to +125°C 


V 
V 


=| 
< 
? 


oO i=) 


45 


5 


2 


Min. 

Pa 
a a 
pf 0.1 | 
P| on 
mc 


Input Low Voltage 
Input Low Current 


Input High Current 


T | M2125A, M2125AL Output Leakage 
eli Current (High Z) 

Iael3] M2125A, M2125AL Current Short 
ae Circuit to Ground 

V M2115A,M2115AL Output High 
sik Voltage 


VE 
es 
ik _| Voo= Wax, V=OaV 


Vec Max VIN 0.4V 


40 | wA | Vec=Max., Vin = 4.5V 


00 LA Vec = Max., Vout = 4.5V 
LA | Voc = Max., Vout = 0.5V/2.4V 
a 
V lon = -3.2 mA 
75 mA All Inputs Grounded, Output 
Open 
sai All Inputs Grounded, Output 
Open 
NOTES: 


1. The operating ambient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a 2-minute 
warmup. Typical thermal resistance values of the package at maximum temperature are: 
0 yA (@ 400 fpyy air flow) = 45°C/W 
6 yA (still air) = 60°C/W 
6 jc = 25°C/W 
2. Typical limits are at Voc = 5V, Ta = +25°C and maximum loading. 
3. Duration of short circuit current should not exceed 1 second. 


NO 
£ 


125 
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M2115AL, M2115A, M2125AL, M2125A 


M2115AL, M2115A A.C. CHARACTERISTICS!) Veg = 5V £10%, Ta = -55°C to +125°C 
‘READ CYCLE 


Sohal Test M2115AL Limits M2115A Limits wits 
aaa Min. Typ. Max. Min. Typ. Max. 
5 45 


Chip Select Time 


tres Chip Select Recovery Time 


dl 
tan Address Access Time an 


‘ Previous Read Data Valid After Change of 
on Address 


WRITE CYCLE 


[symeot [Te SS~*dC 
fins | Write EnableTime SSSSCS*dSCSSCSS 
rtwa [Write Recovery Time —=SC~—rCSCi 
ftw | Write Pulse Width ——SSC~S:C<i 
[aws5 [Data Setup Time Prior to Write Si S*i 
: 5 

} al 

5 

a 


Address Setup Time 
Address Hold Time 
Chip Select Hold Time 


A.C. TEST CONDITIONS 


4.5V 


3002 
M2115A 
Dour 
6002 30pF 
(INCLUDING 
SCOPE AND 
JIG) 


READ CYCLE WRITE CYCLE 


| Ao-Ag 


— DATA VALID 


Dour 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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M2115AL, M2115A, M2125AL, M2125A 


M2125AL, M2125A A.C. CHARACTERISTICS!"*-2) Vcc = 5V +10%, Ta = -55°C to +125°C 


READ CYCLE 
M2125A Limits 
Max. Min. Typ. 
5 


‘ Previous Read Data Valid After Change of 
a Address 


1 


oO 


Chip Select Hold Time 


A.C. TEST CONDITIONS 


4.5V 
5102 
M2125A 
Dour 
3002 30pF 
(INCLUDING 
SCOPE AND 
JIG) 


READ CYCLE WRITE CYCLE 


| Xx >FX 


Dout 


WE 


cs 1.5V 


<— twsa—> ~<— twHa—> 


twscs ae twHcs ———> 
+> 


tgs 


Urn MU, 


Dour 


(ALL ABOVE MEASUREMENTS REFERENCED TO 1.5V) 
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M2115AL, M2115A, M2125AL, M2125A 


M2125AL, M2125A WRITE ENABLE TO HIGH Z DELAY 


WRITE ENABLE how 
tows 

a rf HIGH Z 
M2125AL, DATA OUTPUT “0” LEVEL — 
M2125A —— }o.sv 

"4" LEVEL + 
momma aE 
Dout 
DATA OUTPUT vo a HIGHZ 
LOAD 1 


M2125AL, M2125A PROPAGATION DELAY FROM CHIP SELECT TO HIGH 2 


cs 
CHIP SELECT 1.5V 
tzracs > 
Dout HIGH Z 
DATA OUTPUT 0” LEVEL aan } sey 
“1 LEVEL 

—— + 0.5v 
Dour } 
DATA OUTPUT u HIGH Z 


(All tzx xx Parameters are measured at a delta of 0.5V from 
the logic level and using Load 1.) 


CAPACITANCE®* Vcc = 5V, f= 1MHz, Ta = 25°C 


Test Conditions 


All Inputs = OV, Output Open 


CS = 5V, All other inputs = OV, 
Output Open 


*This parameter is periodically sampled and is not 100% tested. 


TYPICAL CHARACTERISTICS 


Icc vs. TEMPERATURE Icc vs. Vcc 


M2115A, M2125A 


ACCESS TIME vs. TEMPERATURE 


| 


Icc (mA) 
Icc (mA) 


& 
sa 15A,M2125A 


TAA (ns) 


-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE ( C) 


-75 -50 -25 0 25 50 75 100 125 


TEMPERATURE ( C) 


Vcc (Vv) 
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2116 FAMILY 
16,384 X 1 BIT DYNAMIC RAM 


Max. Access Time (ns) 


Read, Write Cycle (ns) 


Read-Modify-Write Cycle (ns) 


= Highest Density 16K RAM: 
Industry Standard 16 Pin 


a On-Chip Latches for 
Address and Data In 


Package 
a Low Standby Power 


a All Inputs Including Clocks 


TTL Compatible 


a Only 64 Refresh Cycles 
Required Every 2 ms 

=» Output is Three-State, TTL 
Compatible; Data is Latched 


» 10% Tolerance on ail and Valid into Next Cycle 


Power Supplies +12V, 
+5V, —5V 
The Intel® 2116 is a 16,384 word by 1 bit MOS RAM fabricated with two layer polysilicon N-MOS technology — a production- 


proven process for high performance, high reliability, and high functional density. The 2116 uses a single transistor dynamic 
storage cell and dynamic circuitry to achieve high speed and low power dissipation. 


The unique design of the 2116 allows it to be packaged in the industry standard 16 pin dual-in-line package. The 16 pin package 
provides the highest system bit densities and is compatible with widely available automated handling equipment. The 2116 is 
designed to facilitate upgrading of 2104A-type 4K RAM systems to 16K capabilities. 


The use of the 16 pin package is made possible by multiplexing the 14 address bits (required to address 1 of 16,384 bits) into the 
2116 on 7 address input pins. The two 7 bit address words are latched into the 2116 by the two TTL clocks, Row Address Strobe 
(RAS) and Column Address Strobe (CAS). Non-critical clock timing requirements allow use of the multiplexing technique while 
maintaining high performance. 


The single transistor dynamic storage cell provides high speed along with low power dissipation. The memory cell requires re- 
freshing for data retention. Refreshing can be accomplished every 2 ms by any one of the three following methods: (1) CAS 
before RAS cycles on 64 addresses, Ag—As, (2) RAS-only cycles on 128 address, Ag—Ag, or (3) normal read or write cycles on 
128 addresses, Ag—Ag. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. The 
output is brought to a high impedance state by a CAS-only cycle or by a CAS-before-RAS refresh cycle. 

BLOCK DIAGRAM 


PIN CONFIGURATION LOGIC SYMBOL 


foaatthes 
GENERATOR NO. 2 


COLUMN 
DECODER 


OUTPUT 
LATCH AND 
BUFFER 


16384 BIT 
STORAGE ARRAY 


WE WRITE ENABLE 


COLUMN ADDRESS STROBE | Vg, POWER (-5V) 
Diy DATA IN Veg POWER (+5V) 
Vop POWER (+12V) 


OLN 
RA ROW ADDRESS STROBE Vsg GROUND 


December 1977 
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ABSOLUTE MAXIMUM RATINGS* 


“COMMENT: 
Ambient Temperature Under Bias ........ -10°C to +80°C Stresses above those listed under “Absolute Maximum Ratings” 
Storage Temperature ee eee -65°C to +1 50°C may cause permanent damage to the device. This is a stress rating 
, ; only and functional operation of the device at these or any other 
Voltage on any Pin Relative to VeB conditions above those indicated in the operational sections of this 
(Vee > Veg P4aV) sé vteewietacans -0.3V to +20V specification is not implied. Exposure to absolute maximum rating 


Power Di ssipati on 1.25W conditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS!" /2! 
Ta =0°Cto 70°C, Vpp = +12V +10%, Voc = +5V +10%, Veg = -5V +10%, Vsg = OV, unless otherwise noted. 


Symbol Parameter i Conditions 
” arama Typ. 3) | Max. | canons 
Ny Input Load Current (any input) Pf tf wa Vin= Vss to Vin max, Veg = -5.0V 
ol Output Leakage Current 10 A Chip deselected: RAS and CAS at Vj 
wy for high impedance state . Vout = 0 to 5.5V 
loot Vpp Supply Current CAS and RAS at Vj or CAS-only 
cycle. Chip deselected prior to 

'BB1 Vee Supply Current | i | measurement. See Note 5. 

Ta =25°C 
Ipp2 2116-3 tcyc=375ns | Device 


selected. 
See Note 6. 


3 
> 


65 mA 2116-4 tcyc = 425 ns 


Ippo Operating Vgp Current 


[7] Vec Supply Current when 
deselected 


[4] Operating Vpp Current post | 68 


Input Low Voltage (any input) 


ee 
Vin Input High Voltage (any input) | 24 | | Vectt | ov 
a 
nas 


lo. = 4.1 mA (Read Cycle Only) 
lon = -5b mA (Read Cycle Only) 


VOL Output Low Voltage | 0.0 — 
VOH Output High Voltage 


= 
r 


[8] 
CAPACITANCE 
Ta = 25°C, Vpp = 12V +10%, Vcc = 5V +10%, Veep = -5V +10%, Vssg = OV, unless otherwise noted. 


Notes: 
1. All voltages referenced to Vgs. No power supply sequencing is required but Vpp, Vcc, and Vss should never be 0.3V or more negative than Ves. 
2. To avoid self-clocking, RAS should not be allowed to float. 

3. Typical values are for Ta = 25°C and nominal power supply voltages. 
4 

5 


. For RAS-only refresh pp = 0.78 Ipp2. For CAS-before-RAS (64 cycle refresh) Ipp = 0.96 Ipp2. 

. The chip is deselected (i.e., output is brought to high impedance state) by CAS-only cycle or by CAS-before-RAS cycle. The current flowing 
in a selected (i.e., output on) chip with RAS and CAS at Vj is approximately twice Ipp7. 

For typical Ipp characteristics under other conditions see following page. 

When chip is selected Vcc supply current is dependent on output loading; Vcc is connected to output buffer only. 

8. Capacitance measured with Boonton Meter. 


~~ @ 


3-110 


2116 FAMILY 
TYPICAL CHARACTERISTICS Standby Power Calculations: 


IBg2 AND Ipp2 VS. TEMPERATURE 


Love. . ; = 
Prer = Pop (N + Psp (1 - N>=—=) where 
EF = For iN! ( teen) wher 


100 


Pop = Power dissipation (continuous operation) = Vpp x |pp2. 


ae N = Number of refresh cycles (64 or 128) 
ue mc tcyc = Cycle time for a refresh cycle. 
trp = 95 ns 


75 


trer = Time between refreshes 


Ipp2 (mA) 
S 
IBB2 (uA) 


Pog = Standby power dissipation = Vpp x Ipp1 + !Vgg!x Iga 


Note that Ipp2 depends upon refresh as follows: 
25 


1. For 128 cycle (RAS before CAS) use Ipp2 from Figures 1 and 2. 


2. For 64 cycle (CAS before RAS) multiply Ipp2 determined in (1) 
by 0.96. 


TEMPERRROAE TS 3. For 128 cycle (RAS only) multiply Ipp2 determined in (1) by 
Figure ‘1 0.78. 


Ipp2 VS. CYCLE TIME 


Examples of typical calculations for Vgg = -5.0V, Vpp = 12.0V, 
Ta = 25°C, tcyc = 0.425 us, tras = 0.3 us. trer = 2000 us: 
1. 128 cycle (RAS before CAS): Pop = 12.0V x 43 mA = 516 mW 


0.425 0.425 
Prep = 516 (128 5000? + (12x1.2+5x0.001) (1-128 3000) 
E Pree = 28.0 mW 
$ 2. 64 cycle (CAS before RAS): Pop = 12.0V x 43 (0.96) mA = 
495 mW. 
0.425 
a + = 
Prep = 495 (64 — (12x 1.2+5x0.001) (1-64 7000) > 
20350 400 500 600 700 800 900 1000 Prer = 20.9 mW 
Tovere (ns) 3. 128 cycle (RAS only): Pop = 12.0V x 43 (0.78) mA = 402 mW 
Figure 2. 


Peer = 25.0 mW 


1 Eo | Rook | toh | a 
Stee ine tt ar 
™ et | tll 


pany Gna Falun” NO MOLT 
i L 


400 600 (ns) ) 200 400 600 (ns) 0 200 400 600 (ns) 0 200 400 _—_— 600 (ns) 
CAS BEFORE RAS 
READ CYCLES READ-MODIFY-WRITE (FOR 64 CYCLE REFRESH) RAS ONLY REFRESH 


Note 1: Increase in current due to WE going low. Width of this 
current pulse is independent of WE pulse width. 


Figure 3. Supply Current Waveforms. 
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1 
A.C. CHARACTERISTICS " 
Ta=0°C to 70°C, Vpp=12V +10%, Vec=5V +10%, Vgg=-5V +10%, Vsg=OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


READ AND REFRESH CYCLES 
2116-3 2116-4 


2116-4 

i 6 
: 
Symbol Parameter Min. Max. Min. Max. 
tcyc!4! Random Read Cycle Time 350 375 425 ns 
trac RAS Pulse Width 275 32000 | 300 32000 | 330 3200 ns 
tong CAS Pulse Width 125 10000 | 150 10000 | 190 #10000 | ns 
tcH CAS Hold Time for RAS-Only Refresh 30 30 n 


tcPR CAS Precharge for 64 Cycle Refresh 3 


NO 
>) 
NO 
j=) 
NO 
> 
=) 


tRCH Read Command Hold Time 


Ss 
n 


tres Read Command Set-Up Time 


-) 
w 
Ww 
=) 
io) 
=>} 


Ww 
NO 
io) 
NO 


ie) 
j=) 


ie) 
NO 


tpoH Data-Out Hold Time 
WRITE CYCLE 


= 
an 


— = = 


Symbol Parameter Min. Max. Min. Max. Min. Max. U 
tas 275 32000 | 300 32000 | 330 32000 | ns 


Notes: 1. All voltages referenced to Vss. 
2. CAS must remain at Vj}H a minimum of tRCL mIN after RAS switches to Vj,_. To achieve the minimum guaranteed access time 
(tRAC), CAS must switch to Vi, at or before tRcL (MAX) = tRAC -tcac. Device operation is not guaranteed for tac >2 us. 
. Load = 1 TTL and 50 pF. 
. The minimum cycle timing does not allow for tT or skews. 
. Referenced to CAS or WE, whichever occurs last. 


of Ww 
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WAVEFORMS 


READ CYCLE 
tcyc SEER 
RAS ‘RP 
Vin 
RAS j Oo tcrp — > 
it 
tcp —_—_————_ 
_ Vin 
CAS 
Vie 
TASR — 
Mu ON, 7, \7 y, 
ROW COLUMN 
om O6E ED Ga 
Vit Xx ADDRESS AN /N ADDRESS X 
Vv 7 ‘rcs tron 
——— 1H (1) ’ 
WE 
trac 


Von VALID 
Pour y Commer 
OL 
WRITE CYCLE 
"eve 
"RAS ~<+—_—_—tpp 
Vin 
RAS Vin @ ‘crap 
‘cp 
Min 
CAS Vi 
‘ASR tasc 7 [+ : 
own ol eK Kee] KX 
7 {* ADDRESS iN /\ ADDRESS \ 
7 TRWL oe 
- TowL 
Vin a ———t nen 
© 
‘ps > 
V, : 
my CO ED 
Mi PD @ ~N 
trac ee 
t ‘cac ‘DOH 
OFF 
rl 
Vou . @ : 
Dour Vv, v 4 » 
OL 
Notes: 1,2. Viz MIN 2nd ViL MAx are reference levels for measuring timing of input signals. 
3,4. VOH MIN 2nd VOL MAX are reference levels for measuring timing of DoUT- 
5. DouT follows Djjy when writing, with WE before CAS. 
6. Referenced to CAS or WE, whichever occurs last. 
7. torr is measured to IoyTt <IILol. 
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A.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Vpp = 12V +10%, Vec = 5V +10%, Veg = -5V +10%, Vsg = OV, unless otherwise noted. 


READ-MODIFY-WRITE CYCLE 


2116-4 
Symbol Parameter Min. Max. 


tRmw Read-Modify-Write Cycle Time | 400000 

bawe RMW Cycle RAS Hold Time 250 390 

nee RMW Cycle CAS Hold Time 300 | 410 = sf] aos 

tRWL Write Command to RAS Lead Time 200 200 

tcwL Write Command to CAS Lead Time 

twp Write Command Pulse Width | oS 
i ee 


tres Read Command Set-Up Time 


S 


tps Data-In Set-Up Time 


toHm Data-In Hold Time (RMW Cycle) p80 


WAVEFORMS 
READ MODIFY WRITE CYCLE 


trmw | 
taaw ——____——__—_- aoe trp 


ae. Vi 
RAS Vi @) (2) cn = 


~— tro. 


CAS . as @) vi 
a) SS 


tasr ‘ASC | 
Vv ¥, 7 VY V/ 
IH ROW COLUMN 
woonesses y,' MW aooness K X aooress KR 


le 


—_ Vig 
- ~ See 


id V \/ 
a ee Cs 
@ 


ae eeense a Tear 


tracs (+ 


tcac 


t 
tore -|+—_~ DOH 


6) HIGH “ 
Von . imPeDANCE (3) VALID ao 


Pout vo, Y @ DATA OUT 


Notes: 1,2. ViHmin and Vi_mMaAx are reference levels for measuring timing of input signals. 
3,4. VOHMIN 2nd VOoLMAx are reference levels for measuring timing of DoyT. 
5. tore is measured to IoyT < liLol. 
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REFRESH CYCLE WAVEFORMS 


CAS BEFORE RAS CYCLES. (64 CYCLE REFRESH) 


<= 


'RAS 


‘ASR @ 


| 


2) 
> 
n 


Vin 
ADDRESSES 


Ay-A 
0 °"S 
Vit 


as 
tRAS 


RAS 


tcRP 


CAS 


Vin 
ADDRESSES 
An-A 

oA6 
Vit 


tcyc 


<+____——_ tpp —______> 


tap ————____> 


Notes: 1,2. ViHmin and Vi_mMax are reference levels for measuring timing of input signals. 


3. CAS must be high or low as appropriate for the next cycle. 


APPLICATIONS INFORMATION 
REFRESH MODES 


The 2116 may be refreshed in any of three modes. 
Read/Refresh cycles and RAS-only cycles refresh the row 
addressed by Ao through A¢6 and therefore require 128 
cycles to refresh the stored data. Assuming a 500 nsec 
system cycle time, the refresh operations require 64 usec 
out of each 2.0 msec refresh period or 3.2% of the available 
memory time. The third 2116 refresh mode, CAS-before- 
RAS, allows refresh of the stored data in only 64 cycles and 
requires only 32 usec or 1.6% of the available memory time 


(equal to the 64-cycle refresh 4K RAMs). While some 2116 
aplications would not be impacted by the 3.2% memory 
lockout time using 128 cycle refresh, most large mainframe 
memory applications would suffer throughput degradation 
in that refresh mode. Intel designed the 2116 to allow either 
128-cycle or 64-cycle refresh, allowing the system designer 
to choose the refresh mode which fits his system needs. In 
addition to allowing higher memory throughput, the CAS- 
before-RAS 64-cycle refresh mode dissipates approxi- 
mately 14% less power than the 128-cycle RAS-only mode 
and 23% less power than the 128-cycle Read/Refresh mode 
(refer to the Standby Power Calculation section). 
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POWER SUPPLY DECOUPLING/ 
DISTRIBUTION 


Power supply current waveforms for the 2116 are shown in 
Figure 3. The Vpp supply provides virtually all of the 
Operating current for the 2116. The Vpp supply current, 
Ipp, has two components: transient current peaks when the 
clocks change state and a DC component while the clocks are 
active (low). When selecting the decoupling capacitors for 
the Vpp supply, the characteristics of capacitors as well as 
the current waveform must be considered. Suppression of 
transient or pulse currents require capacitors with small 
physical size and low inherent inductance. Monolithic and 
other ceramic capacitors exhibit these desirable character- 
istics. When the current waveform indicates a DC compo- 
nent, bulk capacity must be located near the current load to 
supply the load power. Inductive effects of PC board traces 
and bus bars preclude supplying the DC component from 
bulk capacitors at the periphery of a memory matrix without 
voltage droop during the active portion of a memory cycle. 
This means that some bulk capacity in the form of electro- 
lytic or large ceramic capacitors should be distributed around 
or within the memory matrix. 


The Vpp supply current, Ipp, has high transient current 
peaks, with essentially no DC component (less than 400 
microamperes). The Vgp capacitors should be selected for 
transient suppression characteristics. The following ca- 
pacitance values and locations are recommended for the 
2116: 


1. A 0.33 uF ceramic capacitor between Vpp and Vsgg 
(ground) at every other device. 


2. AO.1 uF ceramic capacitor between Vgp and Vss at every 
other device (preferably alternate devices to the Vpp 
decoupling above). 


3. A 4.7 uF electrolytic capacitor between Vpp and Vssg for 
each eight devices and located adjacent to the devices. 


The Vcc supply is connected only to the 2116 output buffer 
and is not used internally. The load current from the Vcc 
supply is dependent only upon the output loading and is 
usually only the input high level current to a TTL gate and 
the output leakage currents of any OR-tied 2116s (typically 
100 A or less total). Intel recommends that a 0.1 or 0.01 uF 
ceramic capacitor be connected between Vcc and Vss for 
every eight devices to preclude coupled noise from 
affecting the TTL devices in the system. 


Intel recommends a power supply distribution system such 
that each power supply is grided both horizontally and 
vertically at each memory device. This technique minimizes 
the power distribution system impedance and enhances the 
effect of the decoupling capacitors. 


OUTPUT DATA LATCH 


The 2116 contains an output data latch eliminating the need 
for an external system data latch and the timing circuitr 
required to strobe an external latch. The 2116 output latc 
operates identically to the output latch found on all industr} 
standard 16-pin, 4K RAMs and enhances the system co 
patibility of the 16K and 4K devices. 


Operation of the output latch is controlled by CAS. The datb 
output will go to the high-impedance state immediatel} 
following the CAS leading edge during each datacycleand 
will either go to valid data at access time on selected devices 
(devices receiving both RAS and CAS) or will remain in the 
high impedance state on unselected devices (devices 
receiving only CAS). During RAS-only refresh cycles, the 
data output remains in the state it was prior to the RAS-on|| 
cycle. This unique feature of latched output RAMs allows & 
refresh cycle to be hidden among data cycles without 
impacting data availability. For instance, a RAS-onl\ 
refresh cycle could follow each data cycle in 
microprocessor system but the accessed data would 
remain at the device output and the microprocessor could 
take the data at any time within the cycle. Non-latched 
Output devices do not provide this type of hidden refres 
Capability since their data output would go to the hig 
impedance state at the end of the data cycle. 
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2117 FAMILY 
16,384 x 1 BIT DYNAMIC RAM 


[Maximum Access Time (ma) | 150 | 200 | 250 
Read, Write Cycle (ns) «| aa ars | at 
iy-We [a0 | ars | ars 


Read-Modify-Write Cycle (ns) 


@ Industry Standard 16-Pin Configuration @ Non-Latched Output is Three-State, 


= +10% Tolerance on All Power Supplies: TTL Compatible 
+12V, +5V, -5V m@ RAS Only Refresh 

m@ Low Power: 462mW Max. Operating, @ 128 Refresh Cycles 
20mW Max. Standby Required Every 2ms 

@ Low Ipp Current Transients m Page Mode Capability 

# All Inputs, Including Clocks, = CAS Controlled Output 
TTL Compatible Allows Hidden Refresh 


The Intel® 2117 is a 16,384 word by 1-bit Dynamic MOS RAM fabricated with Intel’s standard two layer polysilicon NUOS 
technology — a production proven process for high performance, high reliability, and high storage density. 


The 2117 uses a single transistor dynamic storage cell and advanced dynamic circuitry to achieve high speed with low 
power dissipation. The circuit design minimizes the current transients typical of dynamic RAM operation. These low 
current transients and +10% tolerance on all power supplies contribute to the high noise immunity of the 2117 inasystem 
environment. 


Multiplexing the 14 address bits into the 7 address input pins allows the 2117 to be packaged in the industry standard 16-pin 
DIP. The two 7-bit address words are latched into the 2117 by the two TTL clocks, Row Address Strobe (RAS) and Column 
Address Strobe (CAS). Non-critical timing requirements for RAS and CAS allow use of the address multiplexing technique 
while maintaining high performance. 


The 2117 three-state output is controlled by CAS, independent of RAS. After a valid read or read-modify-write cycle, data is 
latched on the output by holding CAS low. The data out pin is returned to the high impedance state by returning CAS to 
a high state. The 2117 hidden refresh feature allows CAS to be held low to maintain latched data while RAS is used to 
execute RAS-only refresh cycles. 


The single transistor storage cell requires refreshing for data retention. Refreshing is accomplished by performing RAS- 
only refresh cycles, hidden refresh cycles, or normal read or write cycles on the 128 address combinations of Ao through Ag 
during a 2ms period. A write cycle will refresh stored data on all bits of the selected row except the bit which is addressed. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


pte 64 x 128 CELL + Vpp 
DECODERS MEMORY ARRAY + Ves 


128 SENSE AMPLIFIERS 


1 OF 64 COLUMN D 
DECODERS wet 


lf "Behe 64 x 128 CELL 
DECODERS MEMORY ARRAY 


1O0F 21/0 
GATING 
OUTPUT 
BUFFER 


GATING 
PIN NAMES 


ADDRESS INPUTS WE WRITE ENABLE 7 pees 
COLUMN ADDRESS STROBE Veg POWER (-5V) — CLOCK CLOCK WRITE DATA 
RAS GENERATOR GENERATOR ENABLE INPUT 
DATA IN Vec POWER (+5V) NO. 1 NO. 2 BUFFER LATCH 
DATA OUT Vpp POWER (+12V) CAS 
ROW ADDRESS STROBE Vss GROUND 
N 
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ABSOLUTE MAXIMUM RATINGS* “COMMENT: 

Ambient Temperature Under Bias ... -10°Cto+80°C Stresses above those listed under "Absolute Maximum 

Storage Temperature ............. -65°C to +150°C Rating’ may cause permanent damage to the device. This 

Voltage on Any Pin Relative to Ves is a stress rating only and functional operation of the de- 
(VSS-VBB24V) oo. cece eee cece e ees -0.3V to +20V vice at these or at any other condition above those indi- 

Dale OU CUIEM cues ccusuedbersexneseaxasd ex 50mA 


cated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating con- 
ditions for extended periods may affect device reliability. 


Power Dissipation. ..cccsscvessnvecivavends cows 1.0W 


D.C. AND OPERATING CHARACTERISTICS"! 
Ta = 0°C to 70°C, Vpp = 12V +10%, Voc = 5V +10%, Vag = -5V +10%, Vss = OV, unless otherwise noted. 


Limits 
symbol tS [ian Toet Condon Notes 


IIL Input Load Current (any input) Vin=Vss to 7.0V, Veap=-5.0V 
IILo| Output Leakage Current for Chip Deselected: CAS at Vin, 
High Impedance State 0.1 1 uA| Vout = 0 to 5.5V 


IDD1 Vpp Supply Current, Standby | | 1.5 | mal CAS and RAS at Vin 
Cc 


co) 


_ 
on 
= 
BN 


—) 
= 
> 


> 
| 


=k 
= 


pls 


< 


< 


nr Mm} oa 
aS lio 


IBB1 Ves Supply Current, Standby | 1.0 | 50 | pA| 
Icc1 Vcc Supply Current, Output 
Deselected 0.1 0 A |CAS at ViH 5 
Ipb2 Vpp Supply Current, Operating | | 35 | mal 2117-2, tac = 375ns, tras = 150ns 4,6 
| | 35 | mA| 2117-3, tac = 375ns, tras = 200ns| 4 
| | 33.—«| maA/2117-4, tac = 410ns, tras = 250ns| 4 
IBB2 Ves Supply Current, Operating, 
RAS-Only Refresh, Page Mode 150 | 300 | wA =0°C 
IDD3 Vpp Supply Current, RAS-Only | | 27 | mal 2117-2, tac = 375ns, tras = 150ns 4.6 
neneen | | 27 | mA]2117-3, tac = 375ns, tras = 200ns 
| | 26 | mA| 2117-4, tac = 410ns, tras = 250ns 
IDDS5 Vpp Supply Current, Standby, 15 3 mA|CAS at Vit, RAS at Vi 
Output Enabled 
VIL Input Low Voltage (all inputs) -1. rf} os | ve 
ViH Input High Voltage (all inputs) | | 60 | ve 
VOL Output Low Voltage ff 04 [ve OL = 4.2mA 4 
VOH Output High Voltage Pf OH = -5mMA 4 
NOTES: 
1. All voltages referenced to Vss. 
2. No power supply sequencing is required. However, Vpp, Vcc and Vss should never be more negative than -0.3V with respect to Vep as 
required by the absolute maximum ratings. 
3. Typical values are for Ta = 25°C and nominal supply voltages. 
4. See the Typical Characteristics Section for values of this parameter under alternate conditions. 
5. Icc is dependent on output loading when the device output is selected. Vcc is connected to the output buffer only. Vcc may be reduced 
to Vss without affecting refresh operation or maintenance of internal device data. 
6. For the 2117-2 at tac = 320ns, tras = 150ns, Ipp2 max. is 45mA and Ipp3 max. is 31mA. 
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TYPICAL SUPPLY CURRENT WAVEFORMS 


RAS/CAS 


DD 
(mA) 


LONG RAS/CAS 


RAS ONLY REFRESH 


IgB 
(mA) 


Iss 
(mA) 


TIME(ns) 


Typical power supply current waveforms vs. time are 
shown for the RAS/CAS timings of Read/Write, Read/ 
Write (Long RAS/CAS), and RAS-only refresh cycles. Ipp 
and Ipp current transients at the RAS and CAS edges 
require adequate decoupling of these supplies. Decoup- 
ling recommendations are provided in the Applications 
section. 


CAPACITANCE"! 


TIME(ns) 


100 200 300 500 


TIME (ns) 


400 


The effects of cycle time, Vpp supply voltage and ambient 
temperature on the Ipp current are shown in graphs 
included in the Typical Characteristics Section. Each 
family of curves for Ipp1, Ipp2, and Ipp3 is related by a 
common point at Vpp = 12.0V and Ta = 25°C for two given 
tras pulse widths. The typical Ipp current for a given 
condition of cycle time, Vpp and Ta can be determined by 
combining the effects of the appropriate family of curves. 


TA = 25°C, Vpop = 12V+10%, Voc = 5V+10%, VeB = -5V+10%, Vss = OV, unless otherwise specified. 


Symbol 


Address, Data In 
RAS Capacitance, WE Capacitance 


CAS Capacitance 
Data Output Capacitance 


NOTES: 


1. Capacitance measured with Boonton Meter or effective capacitance calculated from the equation: 
C = !At with Av equal to 3 volts and power supplies at nominal levels. 
AV 
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A.C. CHARACTERISTICS"?! 
Ta = 0°C to 70°C, Vpp = 12V +10%, Vcc = 5V +10%, Vep = -5V +10%, Vss = OV, unless otherwise noted. 
READ, WRITE, READ-MODIFY-WRITE AND REFRESH CYCLES 


tcac__| AccessTimeFromCAS ss | ~—s100 | ~—S ss | 165 | ns | 4,56 
trer__| Time Between Refresh ss | 2 | 2 | ms 
tap | RASPrechargeTime ss 100, | 120~—S—s«| 50S sns_— 
tcPN 
tcrP 
tosh | CASHoldTime ss 150s | 200— =| 250s 
toaH_ | Column Address Hold Time | 45s | 85——s| 75s 
tar Column Address Hold Time, to RAS| 99 =| 120 ‘| 160 ~—(| os | 
tOFF Output Buffer Turn Off Delay oo © 50 | 0 ~©— 60 | 0 - ~— 70: | ns | 
READ AND REFRESH CYCLES 
WRITE CYCLE 
twcr | Write Command Hold Time, toRAS| 95 = | 120 ~=——s«(| *160,—— ssid 


Tis ns 


READ-MODIFY-WRITE CYCLE 


trrw | RMW Cycle RAS Pulse Width 185 10000} 245 10900] 305 10000] ns | 
tcrw _| RMW Cycle CAS Pulse Width 135 10000] 180 10000] 230 10000| ns | 
tRWD RAS to WE Delay 120 Fons 


tcwD CAS to WE Delay 


i<e) 


Notes: See following page for A.C. Characteristics Notes. 
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WAVEFORMS 
READ CYCLE ‘ tac ~ 
tras trp 
_—— Vin (1) 
RAS 
Vit 
(8) tcap —> tcpn 
—— Vin 
CAS Vi 
tasr 
{XXX ee Xx 
ADDRESSES 
Vi or ADDRESS A\ ADDRESS 
tres <>! tac 
__ Vin (1 ‘ 


D, 
out IMPEDANCE 
WRITE CYCLE i trc oan 
<< tras <«+— tpp— 

a Vin 
RAS 

Vit 

inh: i Simaabinima a 
(8) tere 

= Vin 
CAS V 


tasr — 


“alae Meee 
ADDRESSES » 
Vi X (2)| ADDRESS ( ADDRESS /\ 


tawe 
ie towL- 
Vin <«— twos —> =a—§_—§ twon —_—— 
Vit @¥ 
twcr 
©) tos —>| tp (6¢)——> 
Vin \7 (a) V4 
Diny 4 @) > 
Vit /* aN 
toHR ed 
D VOH HIGH 
OUT VoL IMPEDANCE 
NOTES: 1,2. Vin min AND Vi max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 


3,4. Vow min AND Vo_ max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyt- 
5. torr ISMEASURED TO lout < |ILo|- 
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER O1 OCCURS LAST. 
7.trcH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
8. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 


A.C. CHARACTERISTICS NOTES (From Previous Page) 


1. All voltages referenced to Vss. 7. trop (max.) is specified as a reference point only; if tacp is less 


2. Eight cycles are required after power-up or prolonged periods than trcp (max.) access time is trac, if tacp is greater than trop 
(greater than 2ms) of RAS inactivity before proper device (max.) access time is tacp + tcac. 
operation is achieved. Any 8 cycles which perform refresh are 8. tt is measured between Vin (min.) and Vit (max.). 
adequate for this purpose. 9. twcs, tcwp:and trwop are specified as reference points only. If 
3. A.C. Characteristics assume tt = 5ns. twcs 2 twcs (min.) the cycle is an early write cycle and the data 
4. Assume that taco < trcp (max.). If tacp is greater than trcb out pin will remain high impedance throughout the entire 
(max.) then trac will increase by the amount that trcp exceeds cycle. If tcwo = tcwp (min.) and trwp = trwo (min.), the cycle is 
tRCD (max.). a read-modify-write cycle and the data out will contain the data 
5. Load = 2 TTL loads and 100pF. read from the selected address. If neither of the above 
6. Assumes trcp 2 trcb (max.). conditions is satisfied, the condition of the data out is 
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indeterminate. 
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WAVEFORMS 
READ-MODIFY-WRITE CYCLE 


Dout 


VoL IMPEDANCE DATA OUT 


RAS-ONLY REFRESH CYCLE 


tre 


tras ‘RP 
Vv 
1H 
RAS @) 
Hs (2) 
tcrr (8) 
— Vin 
CAS 
Vit 
taser aan 
Vin 3 
ROW h/ 
ADDRESSES XN @) ADDRESS A 
arc) 
2 
vou HIGH 
Dout 
et IMPEDANCE 


HIDDEN REFRESH CYCLE 


tre 
ma === ieee tras —> ~«— tras tap —— 


Vin @ 


(8) tcrp—> = : 
a, | | tacp —> ; tcas ———_—— tcen 
\ fo 
ats tcaAH tRaH 
tasr | tasr tasr 


moonesses "OD at DX conus MK ttt hk ae 


wD 
| 
< 
x 
‘© 


i?) 
n 


@ trcs | - trRcH ©) 

~_y 
WE @ 

Vit 

tcac 
trac torr 

Saw — (| . VALID DATA © 

VoL 


NOTES: 1,2. Vin min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Vou min AND Vo. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Doyr. 
5. torr IS MEASURED TO lout < |ILol. 
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tacH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 
8. tcrp REQUIREMENT 1S ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e, FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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TYPICAL CHARACTERISTICS" 


GRAPH 1 GRAPH 2 GRAPH 3 
TYPICAL ACCESS TIME TYPICAL ACCESS TIME TYPICAL ACCESS TIME 
trac (NORMALIZED) VS. Vpp trac (NORMALIZED) VS. Vep trac (NORMALIZED) VS. Vcc 


3 s z 
al S 3 
- ro is 
i] 
- A _ 
2 $ s 
oO re) 2 Ta, = 70°C 
F : = Vip = 12.0V 
Vep = -5.5V 
~4.0 -4.5 -5.0 -5.5 -6.0 “4.0 4.5 5.0 5.5 6.0 
Vpop — SUPPLY VOLTAGE (VOLTS) Veg — SUPPLY VOLTAGE (VOLTS) Vec — SUPPLY VOLTAGE (VOLTS) 
GRAPH 4 
TYPICAL ACCESS TIME GRAPH 5 GRAPH 6 
tRAC (NORMALIZED) VS. TYPICAL STANDBY CURRENT TYPICAL STANDBY CURRENT 
AMBIENT TEMPERATURE Ipp1 VS. Vpp Ipp1 VS. AMBIENT TEMPERATURE 
~ <q < Pf 
S - E 
to = - Vpp = 13.2V 
: 2 2 Ves = ~4.5V 
uw Ww 
s z 
Q 3 3 
io > > 
= = ack 
= & & 
EF = = 
Bard n ” 
2 | | 
BS Vpp = 10.8V - , 
- Vp =-5.5V B a 
Vec = 4.5V — ~ 
0 20 40 60 80 
Ta — AMBIENT TEMPERATURE (°C) Vpp — SUPPLY VOLTAGE (VOLTS) Ta — AMBIENT TEMPERATURE (°C) 
GRAPH 7 GRAPH 8 GRAPH 9 
TYPICAL OPERATING CURRENT TYPICAL OPERATING CURRENT TYPICAL OPERATING CURRENT 
Ipp2 VS. tre Ipp2 VS. Vpp Ipp2 VS. AMBIENT TEMPERATURE 
Vop =12.0V 
Ta = 25°C Veep = -5.0V _ Vpp = -5.0V 
_ Vop = 12.0V = < 
xt <x 
e Ves = -5.0V a E 
- z 
cc a 
Ss \ S =) tras = 200ns 
o o Oo tre = 375ns 
> > a 
aff _ ao 
5 : z é 
PLS SS) 
| tras = 500ns nN 
N N a = 50 
E 8 trac = 750ns 8 ail a ag 
mca 
200 400 600 800 1000 
tac — CYCLE TIME (ns) Vop — SUPPLY VOLTAGE (VOLTS) Ta — AMBIENT TEMPERATURE (°C) 


NOTES: See following page for Typical Characteristics Notes. 
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TYPICAL CHARACTERISTICS |" 


GRAPH 10 GRAPH 11 GRAPH 12 
TYPICAL RAS ONLY TYPICAL RAS ONLY TYPICAL RAS ONLY 
REFRESH CURRENT REFRESH CURRENT REFRESH CURRENT 
Ipp3 VS. tre Ipp3 VS. Vpp Ipp3 VS. AMBIENT TEMPERATURE 
50 
Ta = 25°C 
_ _ Ves =-5.0V a 
E - E 
E S E 
a © 30 Fs 
Fr 3 3 
> > 
f = tras = 200ns =a 
= S 20 tre = 375ns s tras = 200ns 
2 @ ' trc = 375ns 
: -_ ns ae : | 
= a trac = 500ns - 
trc = 750ns tras = 500ns 
trc = 750ns 
i) 
200 400 600 800 1000 10 11 12 13 14 
trc — CYCLE TIME (ns) Vpp — SUPPLY VOLTAGE (VOLTS) Ta — AMBIENT TEMPERATURE (°C) 
GRAPH 13 GRAPH 14 GRAPH 15 
TYPICAL PAGE MODE CURRENT TYPICAL PAGE MODE CURRENT TYPICAL PAGE MODE CURRENT 
Ipp4 VS. tpc Ipp4 VS. Vpp Ipp4 VS. AMBIENT TEMPERATURE 
50 50 
Vpp = 12.0V 
— mas Ses Ves = -5.0V 
~ 40 E z 4 
E : : 
Gi Gi Gi 
ec ec oc 
c 30 a x 30 
= = > 
s) o tcas = 135ns 
if tec = 225ns = 
& 20 & a 20 
a 
| | 
a =— a tcas = 350ns a 
Bp 70 - rea 2 tpc = 500ns 2 10 : 
Tr } site 
tpc = 500ns 
6 0 
200 400 600 800 1000 
tec — CYCLE TIME (ns) Vpp — SUPPLY VOLTAGE (VOLTS) Ta — AMBIENT TEMPERATURE (°C) 
NOTES: 
GRAPH 16 GRAPH 17 1. Thecycle time, Vpp supply voltage, and 
TYPICAL OUTPUT SOURCE CURRENT TYPICAL OUTPUT SINK CURRENT ambient temperature dependence of Ipp1, 
1oH VS. OUTPUT VOLTAGE Voy lo. VS. OUTPUT VOLTAGE Vo. Ipp2, |pp3 and I ppg is shown in related 
graphs. Common points of related curves 
are indicated: 
FS q Ty = 25°C @ !pp1 @ Vpp = 13.2V, Ta = °C 
2 = yes BBY B 'pp2 oF Ipp3 © tras = 200ns, tRc = 
cc S 375ns, Vpp = 12.0V, Ta = 25 C 
c c 
zs = A Ipp2 Or Ipp3 @ tras = 500ns, trc = 
3 2 750ns, Vpp = 12.0V, Ta = 25°C 
3 5 O !ppa @ tcas = 135ns, tpc = 225ns, 
- = Vpp = 12.0V, Ta = 25°C 
F > A Ipp4 @ tcas = 350ns, tpc = 500ns, 
5 | Vpp = 12.0V, Ta = 25°C 
| il 
z 2 The typical Ipp current for a given com- 
= bination of cycle time, Vpp supply 
voltage and ambient temperature may be 
Von — OUTPUT VOLTAGE (VOLTS) Ve; — OUTPUT VOLTAGE wOLTS determined by combining the effects of 


the appropriate family of curves. 
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D.C. AND A.C. CHARACTERISTICS, PAGE MODE!” ®"!) 
Ta = 0°C to 70°C, Vpp = 12V+10%, Voc = 5V+10%, VeBB = -5V+10%, Vss = OV, unless otherwise noted. 
For Page Mode Operation order 2117-2 S6053, 2117-3 S6054, or 2117-4 S6055. 


2117-2 2117-3 2117-4 
$6053 $6054 $6055 
Symbol Parameter 


| Max. | Min, | Max. | a 
tec___| Page Mode Read or Write Cycle | 170 | | 226 | | 275 | | ns _| 
teom | Page Mode Read Modify Write | 205 | | 270 | | 340 | | ns 
ee eee 

10,000 | 200 _| pins 

pons | 


tcp CAS Precharge Time, Page Cycle] 60 | 
tapém _| RAS Pulse Width, Page Mode 10,000 10,000 10,000 
tcas _| CAS Pulse Width 10,000 10,000 10,000 


Ipp4 Vpp Supply Current Page Mode, 38 30 mA ] 
Minimum tec, Minimum tcas 


WAVEFORMS 
PAGE MODE READ CYCLE 


trem 


tar 


tRsH trp 


tcas tcas topn 


Vin \Z Row W/ VY cot W/ \71 co. ¥/ \71 cOoL VW/ 
anoresses yf OM noo KX 805 X X| soo ES 


A 
@ : ; 
t 
6) tac nes tren 


trac torr torr 
Vou Oa O , 
Dout VoL @) y y ( ) 


NOTES: 1,2. Vi min AND Vi. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Vow min AND Vo. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 


5. torr ISMEASURED TO lout < IILol. 

6. tacH IS REFERENCED TO THE TRAILING EDGE OF CAS OR RAS, WHICHEVER OCCURS FIRST. 

7. ALL VOLTAGES REFERENCED TO Vs. 

8. AC CHARACTERISTIC ASSUME tr = 5ns. 

9. SEE THE TYPICAL CHARACTERISTICS SECTION FOR VALUES OF THIS PARAMETER 
UNDER ALTERNATE CONDITIONS. es _ 

10. terp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e., FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 

11. ALL PREVIOUSLY SPECIFIED A.C. AND D.C. CHARACTERISTICS ARE APPLICABLE TO THEIR 
RESPECTIVE PAGE MODE DEVICE (i.e., 2117-3, S6054 WILL OPERATE AS A 2117-3). 
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PAGE MODE WRITE CYCLE 


tRPM 
tar 


aS ca 
* tRsH trp 
~~ tcrPp tec 
tcas tcas tcas ——> tcpn 
. adm) | | | 
tRAH 
1) | a | 


Vin ROW \71 COL -*/ COL X | \7-| COL XK | 
AppREsses sc AX oo KM | Xo KX > Re 


tWcH 
twcs 
towL 
: a 
Vit ‘ 
6) twp 
tRWL 

tos tou 
Vin Vy, VALID NY 
Din . rs, DATA Al 

IL 


PAGE MODE READ-MODIFY-WRITE CYCLE 


trem trp 


trcp tcrw tcrw 


ADDRESSES , " M avo X cea Aco K 
@ |_| 


NOTES: 1,2. Vin min AND Vit max ARE REFERENCE LEVELS FOR MEASURING TIMING OF INPUT SIGNALS. 
3,4. Von min AND Vo. max ARE REFERENCE LEVELS FOR MEASURING TIMING OF Dour. 
5. torr ISMEASURED TO lout < |ILol. 
6. tps AND tpy ARE REFERENCED TO CAS OR WE, WHICHEVER OCCURS LAST. 
7. tcrp REQUIREMENT IS ONLY APPLICABLE FOR RAS/CAS CYCLES PRECEEDED BY A CAS- 
ONLY CYCLE (i.e, FOR SYSTEMS WHERE CAS HAS NOT BEEN DECODED WITH RAS). 
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APPLICATIONS 
READ CYCLE 


A Read cycle is performed by maintaining Write Enable 
(WE) high during a RAS/CAS operation. The output pin of 
a selected device will remain in a high impedance state 
until valid data appears at the output at access time. 


Device access time, tacc, is the longer of the two 
calculated intervals: 


1. tacc = trac OR 2. tacc =trcp + tcac 


Access time from RAS, trac, and access time from CAS, 
tcac, are device parameters. Row to column address 
strobe delay time, tacp, are system dependent timing 
parameters. For example, substituting the device para- 
meters of the 2117-3 yields: 


3. tacc = trac = 200nsec for 25nsec <trcL <65 nsec 
OR 
4. tacc = trcp + tcac = trcp + 135 for trcp > 65nsec 


Note that if 25nsec <trcp <65nsec device access time is 
determined by equation 3 and is equal to trac. If trcL 
>65nsec, access time is determined by equation 4. This 
40nsec interval (shown in the tacp inequality in equation 3) 
in which the falling edge of CAS can occur without 
affecting access time is provided to allow for system 
timing skew in the generation of CAS. 


REFRESH CYCLES 


Each of the 128 rows of the 2117 must be refreshed every 2 
milliseconds to maintain data. Any memory cycle: 


1. Read Cycle 

2. Write Cycle (Early Write, Delayed Write or Read- 
Modify-Write) 

3. RAS-only Cycle 


refreshes the selected row as defined by the low order 
(RAS) addresses. Any Write cycle, of course, may change 
the state of the selected cell. Using a Read, Write, or Read- 
Modify-Write cycle for refresh is not recommended for 
systems which utilize “wire-OR” outputs since output bus 
contention will occur. 


A RAS-only refresh cycle is the recommended technique 
for most applications to provide for data retention. A RAS- 
only refresh cycle maintains the Dout in the high 
impedance state with a typical power reduction of 20% 
over a Read or Write cycle. 


RAS/CAS TIMING 


RAS and CAS have minimum pulse widths as defined by 
tras and tcas respectively. These minimum pulse widths 
must be maintained for proper device operation and data 
integrity. A cycle; once begun by driving RAS and/or CAS 
low must not be ended or aborted prior to fulfilling the 
minimum clock signal pulse width(s). A new cycle can not 
begin until the minimum precharge time, trp, has been 
met. 
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DATA OUTPUT OPERATION 


The 2117 Data Output (DouT), which has three-state 
capability, is controlled by CAS. During CAS high state 
(CAS at Vin) the output is in the high impedance state. The 
following table summarizes the Dout state for various 
types of cycles. 


Intel 2117 Data Output Operation 
for Various Types of Cycles 


Type of Cycle 


Dour State 


Read Cycle Data From Addressed 
Memory Cell 

Fast Write Cycle HI-Z 

RAS-Only Refresh Cycle | HI-Z 

CAS-Only Cycle HI-Z 


Read/Modify/Write Cycle | Data From Addressed 
Memory Cell 
Delayed Write Cycle Indeterminate 


HIDDEN REFRESH 


A feature of the 2117 is that refresh cycles may be 
performed while maintaining valid data at the output pin. 
This feature is referred to as Hidden Refresh. Hidden 
Refresh is performed by holding CAS at Vit and taking 
RAS high and after a specified precharge period (trp), 
executing a “RAS-Only” refresh cycle, but with CAS held 
low (see Figure below). 


MEMORY REFRESH 
CYCLE CYCLE 


RAS 


CAS \ / 
HIGH Z 
Boar DATA 


This feature allows a refresh cycle to be “hidden” among 
data cycles without affecting the data availability. 


POWER ON 


The 2117 requires no power on sequence providing 
absolute maximum ratings are not exceeded. After the 
application of supply voltages or after extended periods of 
bias (greater than 2 milliseconds) without clocks, the 
device must perform a minimum of eight initialization 
cycles (any combination of cycles containing a RAS clock, 
such as RAS-Only refresh) prior to normal operation. 


2117 
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POWER SUPPLY DECOUPLING/DISTRIBUTION 


It is recommended that a 0.1uF ceramic capacitor be 
connected between Vpp and Vss at every other device in 
the memory array. A 0.1uF ceramic capacitor should also 
be connected between Vgs and Vss at every other device 
(preferably the alternate devices to the Vpp decoupling). 
For each 16 devices, a 10uF tantalum or equivalent 
capacitor should be connected between Vpp and Vss near 
the array. An equal or slightly smaller bulk capacitor is 
also recommended between Vps and Vss for every 32 
devices. 

The Vcc supply is connected only to the 2117 output 
buffer and is not used internally. The load current from the 
Vcc supply is dependent only upon the output loading and 


Din DouTt 


DECOUPLING CAPACITORS 
D=0.1nF TO Vpp TO Vss 
B =0.1uF Veg TOVss 

C =0.01unF Vcc TO Vss 


64K BYTE STORAGE ARRAY LAYOUT 


is associated with the input high level current toa TTL gate 
and the output leakage currents of any OR-tied 2117's 
(typically 100A or less total). Intel recommends that a 0.1 
or 0.01u.F ceramic capacitor be connected between Vcc 
and Vss for every eight memory devices. 


Due to the high frequency characteristics of the current 
waveforms, the inductance of the power supply distribu- 
tion system on the array board should be minimized. It is 
recommended that the Vpp, Vas, and Vss supply lines be 
gridded both horizontally and vertically at each device in 
the array. This technique allows use of double sided 
circuit boards-with noise performance equal to or better 
than multi-layered circuit boards. 


SAMPLE P.C. BOARD LAYOUT EMPLOYING VERTICAL 
AND HORIZONTAL GRIDDING ON ALL POWER SUPPLIES. 


BOARD ORGANIZATION: 64K WORDS BY 8-BITS. 
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In 
2141 
4096 X 1 BIT STATIC RAM 


Max. Access Time (ns) 


Max. Active Current (mA) 
Max. Standby Current (mA) 


m@ HMOS Technology = Automatic Power-Down 
# Industry Standard 2147 Pinout @ Directly TTL Compatible — All Inputs 
= Completely Static Memory — No Clock and Outputs 
or Timing Strobe Required m Separate Data Input and Output 
= Equal Access and Cycle Times @ Three-State Output 
mw Single +5V Supply @ High Density 18-Pin Package 


The Intel® 2141 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 


CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the 2141 — the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de- 
selected. 

The 2141 is placed in an 18-pin package configured with the industry standard pinout, the same as the 2147. It is directly 


TTL compatible in all respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the 
same polarity as the input data. A data input and a separate three-state output are used. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


SELECT 


Dout 


COLUMN SELECT 


= [wotum sevect 


Ao—A11 ADDRESS INPUTS | Vcc POWER (+5V) | 


WE WRITE ENABLE GND GROUND 
cs CHIP SELECT 
Din DATA INPUT 


Dour DATAOUTPUT | 


TRUTH TABLE = 
es[we[ —wooe —“Tourrur [ rower — 


NOT SELECTED | HIGH Z STANDBY 
ACTIVE 
ACTIVE 


WRITE 
READ 
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ABSOLUTE MAXIMUM RATINGS* 


Maximum aitnes” may cause panvianant dam 


Temperature Under Bias ............... -10°C to 85°C device. This is a stress rating only and functional opel 
Storage Temperature ..............4. —-65°C to +150°C tion of the device at these or any other conditions abeve 
Voltage on Any Pin With those indicated in the operational sections of this specifi: / 
Respectto Ground : ........62.stiesssesans -0.5V to +7V cation is not implied. Exposure to absolute maximum 
D.C. Output Current .......... eee eee eee eee 20mA rating conditions for extended periods may affect device 
reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to 70°C, Vec = +5V +10% unless otherwise noted. 


2141-2/-3 2141-4/-5 2141L-3/L-4/L-5 
Symbol Parameter Min. Typ.('] Max.| Min. Typ.!'] Max.| Min. Typ.!] Max. Conditions 
Iu Input Load Current 0.01 0.01 10 uA | Voc=Max., ViIN= 
(All Input Pins) GND to Vcc 
lILo| Output Leakage 10 uA | CS=Vin, Voc=Max., 
Current VouT=GND to 4.5V 
Operating Current ALA cel CS=VIL, 
EY NONE EA Outputs Open 


IsB Standby Current mA | Vcc=Min. to Max., 
CS=VIH 
Ipo [2] Peak Power-On mA | Vcc=GND to Vcc Min. 
Current CS=Lower of Vcc or 
Vi Min. 


VIH Input High Voltage ee ee 


Notes: 1. Typical limits are at Vcc = 5V, Ta = +25°C, and specified loading. = 
2. Icc exceeds Isa maximum during power-on, as shown in Graph 1. A pull-up resistor to Vcc on the CS input is required to 
keep the device deselected; otherwise, power-on current approaches Icc active. 


loc 


A.C. TEST CONDITIONS 


GRAPH 1 
Se. a Ck | ee TYPICAL POWER-ON CURRENT 
Input Pulse Levels . GND to 3.5 Volts VS. POWER SUPPLY VOLTAGE 
Input Rise and Fall Times 10 nsec 
Input and Output Timing Reference 
Levels 1.5 Volts 
Output Load 1 TTL Load plus 100pF 
3 
CAPACITANCE™! : 
= 
Ta = 25°C, f = 1.0MHz = 
ie} 
Input Capacitance Tp = 25°C 
Output Capacitance 1KQ CS PULL-UP RESISTOR TO Vcc 
0 1.0 2.0 3.0 4.0 5.0 
Note 3. This parameter is sampled and not 100% tested. Vec (V) 
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A.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Voc = +5V+5%, unless otherwise noted. 
READ CYCLE 


[eee a ee 2141-3/L-3 | 2141-4/L-4 | 2141-5/L-5 
Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Unit 
tLz Chip Selection to Output in Low Z ns 
tHz Chip Deselection to Output in High Z | Oo 60 | ns 
tPu Chip Selection to Power Up Time Le | ns 
tPD Chip Deselection to Power Down Time 100 ns 
WRITE CYCLE 
Po epee 2141-2 2141-3/L-3 | 2141-4/L-4 | 2141-5/L-5 
Symbol Parameter Min. Max. | Min. Max. | Min. Max. | Min. Max. | Unit 
twp Write Pulse Width {| 6 [7 [100 | 150 | os 
WAVEFORMS 
READ CYCLE NO. 1" WRITE CYCLE 
r ‘Rc | —— ee ee ‘ e 
-——tr———|__ | ce a ee 


READ CYCLE NO. 2°? 


cs * # DATA IN 


Ic tacs - 
—tiz - a 


i —_ | 
if 
| HIGH IMPEDANCE WARY, | HIGH HIGH IMPEDANCE 
DATA UNDEFINED 
DATA OUT—— $o¢ DATA VALID TaPEDANGE 4 DATA OUT 


ho f-— tep>— 


Le thyz —»! 


Vv 


cc lew ger ce ol 
suppLy °° 
CURRENT 'sgp as \ 


Notes: 1. Chip deselected for greater than 55ns prior to selection. 
2. Chip deselected for a finite time that is less than 55ns prior to selection. (If the deselect time is Ons, the chip is by definition 
selected and access occurs according to Read Cycle No. 1.) 
3. WE is high for Read Cycles. 
. Device is continuously selected, CS = ViL. 
5. Addresses valid prior to or coincident with CS transition low. 


BON 
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DEVICE DESCRIPTION 


The 2141 is produced with HMOS, a new _ high- 
performance MOS technology which incorporates on- 
chip substrate bias generation to achieve high- per- 
formance. This process, combined with new design ideas, 
gives the 2141 its unique features. Both low power and 
ease-of-use have been obtained in a single part. The low- 
power feature is controlled with the Chip Select input, 
which is not a clock and does not have to be cycled. 
Multiple read or write operations are possible during a 
single select period. Access times are equal to cycle times, 
resulting in data rates up to 8.3 MHz for the 2141-2. This is 
considerably higher performance than for clocked static 
designs. 


Whenever the 2141 is deselected, it automatically reduces 
its power requirements to a fraction of the active power, as 
shown in Figure 1. This is achieved by switching off the 
power to unnecessary portions of the internal peripheral 
circuitry. This feature adds up to significant system power 
savings. The average power per device declines as system 
size grows because a continually higher portion of the 
memory is deselected. Device power dissipation asympto- 
tically approaches the standby power level, as shown in 
Figure 2. 


FIGURE 1. icc WAVEFORM. 


lcc 


100% DUTY CYCLE 


_25% DUTY CYCLE 


SYSTEM AVERAGE DEVICE POWER 


IsB 
4K 8K 16K 32K 64K 
MEMORY SIZE IN WORDS 


FIGURE 2. AVERAGE DEVICE DISSIPATION VS. 
MEMORY SIZE. 


There is no functional constraint on the amount¢ 
2141 is deselected. However, there is a relati 
between deselect time and Chip Select access time. Wi 
no compensation, the automatic power switch would 
cause an increase in Chip Select access time, since some” 
time is lost in repowering the device upon selection. A 
feature of the 2141 design is its ability to compensate for 
this loss. The amount of compensation is a function of 
deselect time, as shown in Figure 3. For short deselect 
times, Chip Select access time becomes slower than 
address access time, since full compensation typically 
requires 60ns. For longer deselect times, Chip Select 
access time actually becomes faster than address access 
time because the compensation more than offsets the time 
lost in powering up. The spec accounts for this 
characteristic by specifying two Chip Select access times, 
tacs1 and tacsz2. 


o 
> 
Q 
” 
N 


+8ns 


tacsi 


TYPICAL CHIP SELECT 
ACCESS TIME 


0 60 80 
DESELECT TIME (ns) 


FIGURE 3. tacs VS. DESELECT TIME. 


The power switching characteristic of the 2141 requires 
more careful decoupling than would be required of a 
constant power device. It is recommended that a 0.1uF 
ceramic capacitor be used on every other device, with a 
22uF to 47uF bulk electrolytic decoupler every 32 devices. 
The actual values to be used will depend on board layout, 
trace widths and duty cycle. Power supply gridding is 
recommended for PC board layout. A very satisfactory 
grid can be developed on a two-layer board with vertical 
traces on one side and horizontal traces on the other, as 
shown in Figure 4. 


FIGURE 4. PC LAYOUT. 


Terminations are recommended on input signal lines to 
the 2141 devices. In high speed systems, fast drivers can 
Cause significant reflections when driving the high 
impedance inputs of the 2141. Terminations may be 
required to match the impedance of the line to the driver. 
The type of termination used. depends on designer 
preference and may be parallel .resistive or resistive- 
Capacitive. The latter reduces terminator power dis- 
sipation. 
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2142 
1024 X 4 BIT STATIC RAM 


Tawa [aes | ma? | tema | nama | aaa 
Max. Access Time (ns) | 200 | 300 | 450_| 200 | 900 ~*| 450 


@ High Density 20 Pin Package @ No Clock or Timing Strobe Required 
= Access Time Selections From 200-450ns = Completely Static Memory 
@ Identical Cycle and Access Times @ Directly TTL Compatible: All Inputs 
= Low Operating Power Dissipation and Outputs 
-1mW/Bit Typical = Common Data Input and Output Using 
= Single +5V Supply Three-State Outputs 


The Intel® 2142 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon- 
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and 
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not 
required. The data is read out nondestructively and has thesame polarity as the input data. Common input/output pins are 
provided. 


The 2142 is designed for memory applications where high performance, low cost, large bit storage, and simple interfacing 
are important design objectives. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 


The 2142 is placed in a 20-pin package. Two Chip Selects (CS; and CSo) are provided for easy and flexible selection of 
individual packages when outputs are OR-tied. An Output Disable is included for direct control of the output buffers. 


The 2142 is fabricated with Intel’s N-channel Silicon-Gate technology — a technology providing excellent protection 
against contamination permitting the use of low cost plastic packaging. 


PINCONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
A3 © ae 
Aq © =. 29) 7 
As @ > MEMORY ARRAY 
ROW 64 ROWS <——o GND 
he @ SS SELECT 64 COLUMNS 
A7 > 
Ag | 
(5) 
1/04 a 


LC 
a 
COLUMN I/O CIRCUITS 


COLUMN SELECT 


© 


@ 
act 
wy 


INPUT 
DATA 
CONTROL 


1/04 
PIN NAMES 
Ao—Ag ADDRESS INPUTS OD OUTPUT DISABLE _ &) 
WE WRITE ENABLE Vec POWER (+5v) oy © 
CS1,CS2 CHIP SELECT GND GROUND c& (©) = PIN NUMBERS 
701-04 _DATAINPUTOUTPUT | CdYC(i‘( CD > 
WE 
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2142 FAMILY 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute 
: o ° Maximum Ratings” may cause permanent damage to the 

alana ane CE ae : . i snl device. This is a stress rating only and functional opera- 
oe se tion of the device at these or any other conditions above 

wellage on. riny Fin ‘ those indicated in the operational sections of this specifi- 
ile ir cial =— . . . . . . . . . eal _ cation is not implied. Exposure to absolute maximum 
D.C, Output Curent .<csssscviesancccenes 10mA rating conditions for extended periods may affect device 


reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°Cto 70°C, Voc = 5V + 5%, unless otherwise noted. 


SYMBOL PARAMETER 


Input Load Current 
(All Input Pins) 


lec Power Supply Current 80 95 Le 


2142-2, 2142-3, 2142 | 2142L2, 2142L3, 2142L 


Min. Typ.{1] Max. Min. Typ.{1] Max. | UNIT CONDITIONS 


Vin = 0 to 5.25V 


3 3 := 5 = 
 313/3]/<[<| 3] 3] 5) 5/5 


> 


CS = 2.4V, 
Vijo = 0.4V to Vec 


3 
> 


Vin = 5.25V, lio = 0 mA, 
Ta = 25°C 


VIN = 5.25V, lio =OmA, 


Ta =0°C 


3 


losl2] Output Short Circuit Vijo = GND to Vec 
Current 


NOTE: 1. Typical values are for Ta = 25°C and Vcc = 5.0V. 
2. Duration not to exceed 30 seconds. 


CAPACITANCE 
Ta = 25°C, f = 1.0 MHz 


SYMBOL TEST 


NOTE: This parameter is periodically sampled and not 100% tested. 


A.C. CONDITIONS OF TEST 


input Pulse LEAVE «ons cede cee eww anc a ance vew bane kee ues 0.8 Volt to 2.4 Volt 
Input Rise and Fall Times .... 2... . 0.0... cece ee we ee ee ee ee eee eee 10 nsec 
Input and Output Timing Levels............. 000. cece eee eee eee eee 1.5 Volts 
CUNO DG8. 62066 bos 8 S66 868 4k eee ee ERS 1 TTL Gate and C; = 100 pF 


3-134 


2142 FAMILY 


A.C. CHARACTERISTICS Tx, =0°C to 70°C, Vcc = 5V + 5%, unless otherwise noted. 


READ CYCLE |1! 


ee SS 
SYMBOL PARAMETER Min. Max. Min. Max. | Min. Max. | UNIT 


WRITE CYCLE !2! 


—_earamerer te | tM | in 
SYMBOL PARAMETER Min. Max. | Min. Max. | Min. Max. | UNIT 


NOTES: 
1. A Read occurs during the overlap of a low CS and a high WE. 
2. A Write occurs during the overlap of a low CS and a low WE. 


WAVEFORMS 
READ CYCLE® WRITE CYCLE 
- = 
op \\AAAAAAAAAAAAS KILL LLLL on ///f ANNAN 
és \\\AAAAAAAAAN RP ALL LLL 5; \\\AAAALAAS PLLLLLLLL 
ese ee 
082 S/T ILLLLLLLL LF # AAYAAAAA os 7TVTT ITT} AANRUUUNT 
Doilt , 4 we © ss 
NOTES: Dour SI 
@) WE is high for a Read Cycle. tow—>}++ tox 
(4) WE must be high during all address transitions. Din 
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2142 FAMILY 


TYPICAL D.C. AND A.C. CHARACTERISTICS 


NORMALIZED ta 


NORMALIZED ta 


lon (mA) 


NORMALIZED ACCESS TIME VS. 
SUPPLY VOLTAGE 


12 
1.1 

1.0 

0.9 

0.8 

0.7 

0.6 

0-5 50 4.75 5.00 5.25 5.50 


Vec (V) 


NORMALIZED ACCESS TIME VS. 
OUTPUT LOAD CAPACITANCE 


1.2 
1.1 
1.0 
0.9 
0.8 
0.7 
0.6 
° 00 200 300 400 500 600 


CL (pF) 


OUTPUT SOURCE CURRENT 
VS. OUTPUT VOLTAGE 
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NORMALIZED ta 


NORMALIZED Icc 


lo. (mA) 


NORMALIZED ACCESS TIME VS. 
AMBIENT TEMPERATURE 


° 
8 
& 
3 
8 


Ta (°C) 


NORMALIZED POWER SUPPLY CURRENT 
VS. AMBIENT TEMPERATURE 


Ta (°C) 


OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 


M2142 
1024 X 4 BIT STATIC RAM 


Max. Access Time (ns) 
Max. Power Dissipation (mw) 


# High Density 20 Pin Package @ No Clock or Timing Strobe Required 
= Access Time -450ns = Completely Static Memory 
= Identical Cycle and Access Times # Directly TTL Compatible: All Inputs 
= Low Operating Power Dissipation and Outputs 

-1mW/Bit Typical = Common Data Input and Output Using 
= Single +5V Supply Three-State Outputs 


The Intel® M2142 is a 4096-bit static Random Access Memory organized as 1024 words by 4-bits using N-channel Silicon- 
Gate MOS technology. It uses fully DC stable (static) circuitry throughout — in both the array and the decoding — and 
therefore requires no clocks or refreshing to operate. Data access is particularly simple since address setup times are not 
required. The data is read out nondestructively and has the same polarity as the input data. Common input/output pins are 
provided. 


The M2142 is designed for memory applications where high performance, large bit storage, and simple interfacing are 
important design objectives. It is directly TTL compatible in all respects: inputs, outputs, and a single +5V supply. 


The M2142 is placed in a 20-pin package. Two Chip Selects (CS1 and CS2) are provided for easy and flexible selection of 
individual packages when outputs are OR-tied. An Output Disable is included for direct control of the output buffers. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
A3 © >. a 
@) 
A4 a 
As © > = MEMORY ARRAY 
ihn @ SELECT bicoL UNS 
A7 
As 
) P| 


COLUMN 1/0 CIRCUITS 


INPUT COLUMN SELECT 
DATA 


CONTROL 


2) 


® |© 

lieesaesl 

en ee, 
rTt tt]. 


_ © 

ae 
cs, iD 
roo ae | Le 


() = PIN NUMBERS 


1/04 [i 
PIN NAMES 
Ly 
i» 
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a ® 


2147 
4096 X 1 BIT STATIC RAM 


2147-3 2147 2147L 
Max. Access Time (ns) 70 70 


88 | mo | 70 
|Max. Active Current(ma) | 180 | 160 | 140 
[Max. Standby Current(ma) | 30 | 20, | 10 


m@ HMOS Technology = Automatic Power-Down 
= Completely Static Memory — No Clock  # High Density 18-Pin Package 
or Timing Strobe Required = Directly TTL Compatible — All Inputs 


and Outputs 
@ Separate Data Input and Output 
@ Three-State Output 


= Equal Access and Cycle Times 


m@ Single +5V Supply 


The Intel® 2147 is a 4096-bit static Random Access Memory organized as 4096 words by 1-bit using HMOS, a high- 
performance MOS technology. It uses a uniquely innovative design approach which provides the ease-of-use features 
associated with non-clocked static memories and the reduced standby power dissipation associated with clocked static 
memories. To the user this means low standby power dissipation without the need for clocks, address setup and hold 
times, nor reduced data rates due to cycle times that are longer than access times. 


CS controls the power-down feature. In less than a cycle time after CS goes high — deselecting the 2147 — the part 
automatically reduces its power requirements and remains in this low power standby mode as long as CS remains high. 


This device feature results in system power savings as great as 85% in larger systems, where the majority of devices are de- 
selected. 


The 2147 is placed in an 18-pin package configured with the industry standard pinout. It is directly TTL compatible in all 
respects: inputs, outputs, and a single +5V supply. The data is read out nondestructively and has the same polarity as the 
input data. A data input and a separate three-state output are used. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


MEMORY ARRAY 
64 ROWS 
64 COLUMNS 


COLUMN I/O CIRCUITS 
COLUMN SELECT 


cs CHIP SELECT 
Din DATA INPUT 


[OUTPUT | POWER _| 


NOT SELECTED | HIGHZ | STANDBY 
HIGH Z ACTIVE 
Dout ACTIVE 
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2147 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
Temperature Under Bias ............... -10°C to 85°C device. This is a stress rating only and functional opera- 
Storage Temperature ............... -65°C to +150°C tion of the device at these or any other conditions above 
Voltage on Any Pin With those indicated in the operational sections of this specifi- 
RESPECtIOGIOUNd ...ccisvvossensaeces -0.5V to+7V cation is not implied. Exposure to absolute maximum 
DG. OUTPUT GUITENT 26s oesiwe nna cctaddavwaccns 20mA rating conditions for extended periods may affect device 
reliability. 


D.C. AND OPERATING CHARACTERISTICS" 


Ta = 0°C to 70°C, Vcc = +5V +5%, unless otherwise noted. 


2147-3 2147 2147L 
Symbol Parameter Min. Typ. [2] Max. |Min. Typ.[2] Max.| Min. Typ. [2] Max. Test Conditions 
Iu Input Load Current 0.01 10 0.01 10 0.01 10 nA | Vcc=MAX, ViN=GND to Vcc 
(All Input Pins) : 
IILo| Output Leakage 0.1 50 0 50 0.1 50 pA CS=Vin, Vcc=Max., 
Current VouT=GND to 4.5V 


1 
loc Operating Current 120170 100-150 100 135 | mA |Ta=25°C| Vcc=Max., CS=ViL, 
8 2 


IsB Standby Current 1 30 1 20 7 10 mA Vec=Min. to Max. 
CS=VIH 
Ipo [3] | Peak Power-On 35 70 25 50 15 30 | mA | Voc=GND to Vcc Min., 
Current CS=Lower of Vcc or ViH Min. 
VIL Input Low Voltage }-0.3 0.8 |-0.3 0.8 | -0.3 0.8 
ViH Input High Voltage | 2.0 6.0 | 2.0 60/20 60]| v | 


Notes: 

1. The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

2. Typical limits are at Vcc = 5V, Ta = +25°C, and specified loading. 

3. Icc exceeds Isp maximum during power on, as shown in Graph 7. A pull-up resistor to Vcc on the CS input is required to keep the device 
deselected; otherwise, power-on current approaches Icc active. 


A.C. TEST CONDITIONS 


Vec 
Input Pulse Levels GND to 3.5 Volts 
Input Rise and Fall Times 10 nsec 5102 
Input and Output Timing Reference 
Dout 
Levels 1.5 Volts 30 pF 
Output Load See Figure 1 3002 ecient 
JIG) 
Figure 1. Output Load 
CAPACITANCE 


Ta = 25°C, f = 1.0MHz_4) 


[Parameter Max, [Uni 
Input Capacitance | 5 | pF | 
Output Capacitance 


Note 4. This parameter is sampled and not 100% tested. 


Cin 


CoutT VouT = OV 
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2147 


A.C. CHARACTERISTICS 


Ta = 0°C to 70°C, Voc = +5V+5%, unless otherwise noted. 


READ CYCLE 
Symbol Parameter Min. Max. Min. Max. Conditions 


WAVEFORMS 


READ CYCLE NO. 1°" 


tre - 


ADDRESS 


taa 


DATA OUT PREVIOUS DATA VALID DATA VALID 


[3,5] 


READ CYCLE NO. 2 


tre 


tHz 


HIGH 
DATA OUT VY DATA VALID 
IN. JN IMPEDANCE 


tpp 


Vcc 
SUPPLY 
CURRENT Isp 


Notes: 1. Chip deselected for greater than 55ns prior to selection. 
2. Chip deselected for a finite time that is less than 55ns prior to selection. (If the deselect time is Ons, the chip is by definition 
selected and access occurs according to Read Cycle No. 1.) 
3. WE is high for Read Cycles. 
4. Device is continuously selected, CS = Vir. __ 
5. Addresses valid prior to or coincident with CS transition low. 
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2147 


A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


tow Output Active from End of Write 


Symbol Parameter Min. Max. Min. Max Conditions 
| Output Active from End of Write | ons 


WRITE CYCLE 


twc 


ADDRESS 


o\ Nh ALLS LSS 


<< taw 


twr 


DATA IN é | DATA IN VALID 


tow 


w—_§_#_ twz 


HIGH IMPEDANCE 


DATA UNDEFINED 


DATA OUT 
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2147 


TYPICAL D.C. AND A.C. CHARACTERISTICS 


GRAPH 1 GRAPH2 |, GRAPH 3 
SUPPLY CURRENT!"! vs, SUPPLY CURRENT. VS. OUTPUT SOURCE CURRENT VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE. OUTPUT VOLTAGE 


100 


80 


0 1.0 2.0 3.0 4.0 
Vout (V) 
GRAPH 4 GRAPH 5 GRAPH 6 
NORMALIZED ACCESS TIME NORMALIZED ACCESS TIME VS. OUTPUT SINK CURRENT VS. 
VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE OUTPUT VOLTAGE 
- et A] 
80 
E i al 
a a E 
N s 3 
z = = 40 
Ss = 
5 : 
3 2 / 
20 
0 ri | 
0 20 40 60 80 0 1.0 2.0 3.0 4.0 
Ta (°C) Vout (V) 
GRAPH 7 GRAPH 8 GRAPH 9 
TYPICAL POWER-ON CURRENT ACCESS TIME CHANGE VS. ACCESS TIME CHANGE VS. 
VS. POWER SUPPLY VOLTAGE INPUT VOLTAGE OUTPUT LOADING 
8 mn 
a c > 
oe £ 
a 2 2 
5 a | 
— q = 
= < < 
5 $ 3 
z <1 
0 1.0 2.0 3.0 4.0 5.0 0 1.0 2.0 3.0 4.0 
Vin (V) Cy. (pF) 


Vec (V) 


Note 1. The supply current curves shown in Graphs 1 and 2 are for the 2147. 
The supply current curves for the 2147L and 2147-3 can be calculated by scaling proportionately. 


3-142 


2147 


DEVICE DESCRIPTION 


The 2147 is produced with HMOS, a new high- 
performance MOS technology which incorporates on- 
chip substrate bias generation combined with device 
scaling to achieve high-performance. The speed-power 
product of this process has been measured at 1pj, 
approximately four times better than previous MOS 
processes. 


This process, combined with new design ideas, gives the 
2147 its unique features. High speed, low power and ease- 
of-use have been obtained in a single part. The low-power 
feature is controlled with the Chip Select input, which is 
not a clock and does not have to be cycled. Multiple read 
or write operations are possible during a single select 
period. Access times are equal to cycle times, resulting in 
data rates of 14.3 MHz and 18 MHz for the 2147 and 2147-3, 
respectively. This is considerably higher performance 
than for clocked static designs. 


Whenever the 2147 is deselected, it automatically reduces 
its power requirements to a fraction of the active power, as 
shown in Figure 1. This is achieved by switching off the 
power to unnecessary portions of the internal peripheral 
circuitry. This feature adds up to significant system power 
savings. The average power per device declines as system 
size grows because a continually higher portion of the 
memory is deselected. Device power dissipation asympto- 
tically approaches the standby power level, as shown in 
Figure 2. 


FIGURE 1. icc WAVEFORM. 


: _ 
lec 


100% DUTY CYCLE 


SYSTEM AVERAGE DEVICE POWER 


25% DUTY CYCLE 


IsBE 
4K 8K 16 32K 64K 
MEMORY SIZE IN WORDS 


FIGURE 2. AVERAGE DEVICE DISSIPATION VS. 
MEMORY SIZE. 


There is no functional constraint on the amount of time the 
2147 is deselected. However, there is a relationship 
between deselect time and Chip Select access time. With 
no compensation, the automatic power switch would 
Cause an increase in Chip Select access time, since some 
time is lost in repowering the device upon selection. A 
feature of the 2147 design is its ability to compensate for 
this loss. The amount of compensation is a function of 
deselect time, as shown in Figure 3. For short deselect 
times, Chip Select access time becomes slower than 
address access time, since full compensation typically 
requires 40ns. For longer deselect times, Chip Select 
access time actually becomes faster than address access 
time because the compensation more than offsets the time 
lost in powering up. The spec accounts for this 
characteristic by specifying two Chip Select access times, 
tacs1 and tacsz2. 


tacs2 


+15% 


tacs1 


ACCESS TIME 


TYPICAL CHIP SELECT 


0 20 40 60 80 100 
DESELECT TIME (ns) 


FIGURE 3. tacs VS. DESELECT TIME. 


The power switching characteristic of the 2147 requires 
more careful decoupling than would be required of a 
constant power device. It is recommended that a 0.1uF to 
0.3uF ceramic capacitor be used on every other device, 
with a 22uF to 47uF bulk electrolytic decoupler every 16 
devices. The actual values to be used will depend on board 
layout, trace widths and duty cycle. Power supply 
gridding is recommended for PC board layout. A very 
satisfactory grid can be developed on a two-layer board 
with vertical traces on one side and horizontal traces on 
the other, as shown in Figure 4. 


Vcc a _ GND 


FIGURE 4. PC LAYOUT. 


Terminations are recommended on input signal lines to 
the 2147 devices. In high speed systems, fast drivers can 
cause significant reflections when driving the high 
impedance inputs of the 2147. Terminations may be 
required to match the impedance of the line to the driver. 
The type of termination used. depends on designer 
preference and may be parallel resistive or resistive- 
capacitive. The latter reduces terminator power dis- 
sipation. 
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intel 
2185 
1024 X 8 BIT STATIC RAM 


= Low Operating Power Dissipation @ Fully Multiplexed Address and Data 
& Low Standby Power Dissipation Lines 
= Single 5V Power Supply = Directly Compatible with the MCS-85 


= High Density 18 Pin Package : Se a dee - 
= Fully Static Operation o Clock or Timing Strobe Require 


The Intel®2185 is an 8192-bit static Random Access Memory organized as 1024 words by 8-bit using N-channel Silicon- 
Gate MOS technology. It uses a uniquely innovative design approach which provides the ease of use features associated 
with non clocked static memories and the reduced standby power dissipation associated with clocked static memories. To 
the user this means low standby power dissipation without the need for clocks, address setup and hold times. 


The 2185 is housed in an 18 pin package featuring a fully multiplexed address and data bus. It is directly compatible with 
TTL in all respects: inputs, outputs and a single 5V supply. 


PIN CONFIGURATION BLOCK DIAGRAM 


CE 
cs 
CE 

ALE 
OE 

WE 


ADp-AD7 AND Ago 


1Kx8 
MEMORY ARRAY 


X Y DECODE 


BUFFER 


PIN NAMES 


ADDRESS LINE 
ADDRESS AND DATA LINES 
CHIP SELECT 

CHIP ENABLE 

ADDRESS LATCH ENABLE 
OUTPUT ENABLE 

WRITE ENABLE 


ADDRESS LATCH 


ALE 
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intel 
3101, 3101A 
16 x 4 BIT HIGH SPEED RAM 


= Fast Access Time -- 35 nsec. max. = OR-Tie Capability -- 
over 0-75°C Temperature Range. Open Collector Outputs. 
(3101A) 
" Fully Decoded -- on Chip Address 
= Simple Memory Expansion through Decode and Buffer. 
Chip Select Input --17 nsec. max. 
over 0-75°C Temperature Range. = Minimum Line Reflection -- Low 
(3101A) Voltage Diode Input Clamp. 
= DTL and TTL Compatible -- Low = Ceramic and Plastic Package -- 
Input Load Current:0.25mA. max. 16 Pin Dual In-Line Configuration. 


The Intel’3101 and 3101A are high speed fully decoded 64 bit random access memories, organized 16 words 
by 4 bits. Their high speed makes them ideal in scratch pad applications. An unselected chip will not generate 
noise at its output during writing of a selected chip. The output is held high on an unselected chip regardless 
of the state of the read/write signal. 


The use of Schottky barrier diode clamped transistors to obtain fast switching speeds results in higher perfor- 
mance than equivalent devices with gold diffusion processes. 


The Intel 3101 and 3101A are packaged in either hermetically sealed 16 pin ceramic packages, or in low cost 
silicone packages, and their performance is specified over a temperature range from O°C to 75°C. 


The storage cells are addressed through an on chip 1 of 16 binary decoder using four input address leads. 
A separate Chip Select lead allows easy selection of an individual package when outputs are OR-tied. 


In addition to the address leads and the Chip Select lead, there is a write input which allows data presented at 
the data leads to be entered at the addressed storage cells. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


ADDRESS INPUT A, 16 [Vee 


CHIP SELECT CS(CJ2 15 J A, ADDRESS INPUT 
16 x 4 MEMORY 
CELL ARRAY 


WRITE ENABLE WE (_} 3 147° J A, ADDRESS INPUT 


ADDRESS BUFFER 
1/16 DECODER 


DATAINPUT D, (4 13 [J A, ADDRESS INPUT 
DATA OUTPUT 0, [ 35 12 |_J Dy DATA INPUT 


DATA INPUT D,L_}6 i oe 0, DATA OUTPUT 


WRITE AND SENSE 
AMPLIFIER 


10 [J D, DATA INPUT 


O 
2 
3 
& 
al 


cnn} 8 9 {J 0, DATA OUTPUT 


D: 0; Dp Op Dy Oy Dy 0 
TRUTH TABLE 
PIN NAMES Coe i sigs OPERATION | OUTPUT 


| SELECT ENABLE 


{ 


D,—D, DATA INPUTS Cs CHIP SELECT INPUT |_Low Low WRITE HIGH 
= HIGH READ COMPLEMENT O 
A >A, ADDRESS INPUTS || 6,—-0, DATA OUTPUTS aN Ln 
tow | = HIGH 


WE WRITE ENABLE Vec POWER (+5V) 


HIGH 


3-145 


3101, 3101A 


Absolute Maximum Ratings * 


{ 


“COMMENT: 

Temperature Under Bias: Ceramic —65°C to +125°C Stresses above those listed under ‘Absolute Maximum 
Plastic —65°C to +75°C Rating’’ may cause permanent damage to the device. This 
Storage Temperature 65°C to +160°C is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
All Output or Supply Voltages —0.5 to +7 Volts the operational sections of this specification is not implied. 
All Input Voltages —1.0 to +5.5 Volts Exposure to absolute maximum rating conditions for ex- 

Output Currents 100 mA tended periods may affect device reliability. 


D.C. Characteristics 1, = 0°C to +75°C, Vo, = 5.0V +5% 


SYMBOL PARAMETER | MIN. | MAX. UNIT TEST CONDITIONS 


len mA Vee =5-25V, Vy =0.45V 
= mA Veo =5-25V, Vp =0.45V 
= WRITE INPUT LOAD CURRENT —0.25 | mA Veg =5-25V, Vy =0.45V 
= CHIP SELECT INPUT LOAD CURRENT -0.25 | mA | Vog =5.25V, Ve =0.45V 


DATA INPUT LEAKAGE CURRENT 


IRA 
| ro | 
WRITE INPUT LEAKAGE CURRENT 
CHIP SELECT INPUT LEAKAGE CURRENT 
Viens DATA INPUT CLAMP VOLTAGE 


CHIP SELECT INPUT CLAMP VOLTAGE 


<1 <<) < 


UA Voc =5-25V, Va =5.25V 
UA Voc =5.25V, Vp =5.25V 
10 

Voc =5-25V, Vg =5.25V 

co 74-75V, |, =—5.0 mA 

cc 74.75V, 1 =—5.0 mA 

oc =4-75V, ly=—5.0 mA 

oc 74-75V, lg=—5.0 mA 

100 yA Vee=5-25V, Very =5.25V 

Vg =2.5V 

mA Veg =5-25V, Va =Ve =V, =OV 

V Veo =8-0V 

V Veg =8-0V 


Paes 
E- 
ca 

uA Voc =9-25V, Vy =5.25V 

uA 

V 

V 

V Voc =4-75V, lo, = 15 mA 
| sit 
ro 


Typical Characteristics 


OUTPUT CURRENT INPUT CURRENT INPUT THRESHOLD VOLTAGE 
VS. OUTPUT “LOW” VOLTAGE VS. INPUT VOLTAGE VS. AMBIENT TEMPERATURE 
40 , 0 
~25 
< 30 —50 
= < 
2 = <6 
ca 5 
ac 
2 20 ie 
ad oO 
= «25 
= “s 
3 10 =_150 
~175 
0 —200 
0 0.2 0.4 0.6 0.8: 
OUTPUT VOLTAGE (Vv) INPUT VOLTAGE (Vv) AMBIENT TEMPERATURE (°C) 
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3101, 3101A 


Switching Characteristics 
Conditions of Test: 15 mA Test Load “ee 


Input Pulse amplitudes: 2.5V | 3002 


Input Pulse rise and fall times of 
5 nanoseconds between 1 volt 
and 2 volts 30pF 6002 


Speed measurements are made at 1.5 volt levels 
Output loading is 15mA and 30 pF = 


READ CYCLE WRITE CYCLE 
Address to Output Delay 


SS 


Ag, Ay, Az. Ag Ag, Ay, Ap, Az. 


mj , ae 


CHIP SELECT INPUT CHIP SELECT INPUT 


oo = 2 a 424aanm 


Data may* 


O;, Ov, 02, O4 D;, Do, D3, D4 


Chip Select to Output Delay 


WRITE INPUT —~ y— Ons = 


O;, Oo, 03, O4 4 + 
(Selected Chips) * e vf 


oe oe os oe 


CHIP SELECT INPUT 


— | tsR =< 


(See Note 1) 


0,, Oo, 03, O4 
*Outputs of unselected chips remain high during write cycle. 


NOTE 1: tgp is associated with a read cycle following a write cycle and does not affect the access time. 


A.C. Characteristics T, = 0°C to +75°C, Vog = 5.0V +5% 


READ CYCLE 


SYMBOL PARAMETER 


tsa, tg Chip Select to Output 
Delay 

ta_,ta, | Address to Output 
Delay 


CAPACITANCE”) = T, = 25°C 


Cir INPUT CAPACITANCE 10 pF 
(All Pins) maximum 

Cout OUTPUT CAPACITANCE 12 pF 
maximum 


WRITE CYCLE 


Write Pulse Width 


twp 

tow Data-Write Overlap 
Time 

twr 


| twa | Write Recovery Time 


Sense Amplifier 
Recovery Time 


NOTE 2: This parameter is periodically sampled and is not 100% 
tested. Condition of measurement is f = 1 MHz, Vpjas 
= 2V, Vcc = OV, and Ta = 25°C. 
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3101, 3101A 


Typical A.C. Characteristics 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 
VS. vs. 
AMBIENT TEMPERATURE AMBIENT TEMPERATURE 


Voc = 5.0V +5% 


C, = 30 pF 


ADDRESS TO OUTPUT DELAY (ns) 
CHIP SELECT TO OUTPUT DELAY (ns) 


0 25 50 75 
AMBIENT-TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
ADDRESS & CHIP SELECT TO OUTPUT DELAY WRITE PULSE WIDTH & SENSE 
xe oP MS. AMPLIFIER RECOVERY TIME 
LOAD CAPACITANCE VS. AMBIENT TEMPERATURE 


Veo = 5.0V45% - | 
D.C. LOAD = 15 mA 
Ta = 25°C 


ADDRESS AND CHIP SELECT DELAY (ns) 
WRITE PULSE WIDTH AND SENSE 
AMPLIFIER RECOVERY TIME (ns) 


LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) 
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intel 


3104 
16 BIT CONTENT ADDRESSABLE MEMORY 


= Organization — 4 Words x 4 Bits = Low Input Load Current— 
= Max. Delay of 30 nsec Over 0°C 0.25 mA max. 
to 75°C Temperature = DTL & TTL Compatible 
= Open Collector Outputs — OR Tie = Bit Enable Input — Bit Masking 
Capability = Standard 24 Pin Dual In-Line 
" High Current Sinking Capability — 
15 mA max. 
The Intel 3104 is a high speed 16 bit Content Ad- to indicate a match when these data are identical. 
dressable Memory (CAM). It is a linear select 4 word This equality search is performed on all bits in par- 
by 4 bit array which is designed to compare data on allel. The 3104 can also be used as a read/write RAM 
its inputs with data already stored in its memory and with linear selection addressing. 
PIN CONFIGURATION LOGIC SYMBOL 
WRITE ENABLE WE ) Veg SUPPLY VOLTAGE 5 43 2 202122 23 
*DATA INPUT BIT ENABLE INPUT 


DATA INPUT 
DATA INPUT 


BIT ENABLE INPUT 
BIT ENABLE INPUT 


D, 0,0,D, & EE, E, 
WE 

DATA INPUT 
MATCH OUTPUT 
MATCH OUTPUT 
MATCH OUTPUT 
MATCH OUTPUT 
MATCH OUTPUT M 
*DATA OUTPUT 


BIT ENABLE INPUT 
ADDRESS INPUT 
ADDRESS INPUT 7 
ADDRESS INPUT 18 
ADDRESS INPUT 19 
DATA OUTPUT 


3104 
4X4CAM 


Oo 


O; 0; 6, 


Vec= PIN 24 


DATA OUTPUT . 
13.11 #14 «#15 GND = PIN 12 


GROUND DATA OUTPUT 


*DATA IN and DATA OUT are of the same logic levels. For a chip that is not selected, the data output is 
at a high level. 


— se te 


: eeeeecaetc as seems se oY 


Dy * a, 
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3104 


Absolute Maximum Ratings* 


*COMMENT: 
Temperature Under Bias —65°C to +125°C . 

7 o Stresses above those listed under ‘‘Absolute Maximum 
Storage Temperature —65° C to +160°C Rating’’ may cause permanent damage to the device. This 
All Output or Supply Voltages —0.5 to +7 Volts is astress rating only and functional operation of the device 
All Input Voltages 40 to 48.5 Volts at these or at any other condition above those indicated in 


the operational sections of this specification is not implied. 
Output Currents 100 mA Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


D.C. Characteristics 1, = 0°C to +75°C, Vo, = 5.0V +5%; unless otherwise specified. 


SYMBOL PARAMETER 


| 


TEST 
UNIT CONDITIONS 


ee 
m = ale: 
A 


TYP MAX. 


A | Vee = 5.25V Vp = .45V 


UA 


yloi|nin|n|{n 
mip |/O}S]m]yp 


law WRITE ENABLE INPUT LEAKAGE CURRENT UA | Voc =5.25V Vy = 5.25V 
bars DATA INPUT LEAKAGE CURRENT UWA | Veg =8.25V Vp = 5.25V 
lens OUTPUT LEAKAGE CURRENT WA | Voge =5.25V Vogey = 5.25V 


(ALL OUTPUTS) 


VOL OUTPUT “LOW” VOLTAGE 
(ALL OUTPUTS) 
Vin INPUT “LOW” VOLTAGE (ALL INPUTS) 


Vig INPUT “HIGH” VOLTAGE (ALL INPUTS) 2.0 
POWER SUPPLY CURRENT 


INPUT CAPACITANCE 
Coyt** | OUTPUT CAPACITANCE 


**This parameter is periodically sampled and is not 100% tested. 


0.45 V Veco =4-75V lo, = 15mA 


mA | Vcc =5.25V OUTPUTS HIGH 


f = 1 MHz 


p Vout a +2.0V, Vec =0.0V 
f= 1 MHz 


F 


Typical D.C. Characteristics 


INPUT CURRENT VS. INPUT THRESHOLD VOLTAGE OUTPUT CURRENT VS. 
INPUT VOLTAGE VS. TEMPERATURE OUTPUT “LOW” VOLTAGE 


. ir a 

nay an 
Ce 
7 


6 8 1.0 


_= 
oa 


=" 
oO 


INPUT CURRENT (yA) 


a 


OUTPUT CURRENT (mA) 


INPUT THRESHOLD VOLTAGE (V) 


—1 0 1.0 2.0 
INPUT VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT “LOW” VOLTAGE (V) 


0 0) 25 50 75 
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3104 


Switching Characteristics 


Conditions of Test: 15mA Test Load Voc 
Input Pulse amplitudes - - 2.5V 
3002 
Input pulse rise and fall times of 
5 nanoseconds between 1 volt 
and 2 volts 
30pF 6002 


Speed measurements are made at 1.5 volt levels 
Output loading is 15 mA and 30 pF 


BIT ENABLE tem! 
INPUT | | 


tel 
MATCH \ f 
OUTPUT | | MATCH 
DATA 
MODE 
DATA tom> 
INPUT | 
eto 
MATCH 
OUTPUT 


*| 


ee 


ADDRESS AND 
BIT ENABLE 


INPUT | 


WR | _,| 
ITE ~< twp 


ENABLE 
INPUT 


WRITE 
DATA 
MODE 


DATA 
INPUT 


DATA 
OUTPUT 


~<t be 
ADDRESS tao 
INPUT | READ 
| DATA 
<_ 
| AO MODE 
DATA | oT 2 
OUTPUT | 


PARAMETER 


[ow [DATA INPUT TO WATCH OUTPUT DELAY 
[tao | ADDRESS INPUT TO OUTPUT DELAY 
[Te [WRITE ENABLE PULSE WOT 
[io | _WRITE ENABLE TO OUTPUT DELAY 
an 
bed 


anaes nk Oe 
30 
30 


SYMBOL 


ns 
= 
a 
a a 
a ee a 
ed 
ae 


Note 1. Typical values are at nominal voltages and T, = 25°C. 
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3104 


Typical A.C. Characteristics 


BIT ENABLE INPUT TO MATCH OUTPUT DATA INPUT TO MATCH OUTPUT 
DELAY VS. TEMPERATURE DELAY VS. TEMPERATURE 


BIT ENABLE INPUT TO MATCH OUTPUT DELAY (ns) 
DATA INPUT TO MATCH OUTPUT DELAY (ns) 


0 25 50 75 0 25 50 75 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (°C) 
ADDRESS INPUT TO DATA OUTPUT WRITE ENABLE PULSE WIDTH 
DELAY VS. TEMPERATURE VS. TEMPERATURE 


ADDRESS INPUT TO DATA OUTPUT DELAY (ns) 
WRITE ENABLE PULSE WIDTH (ns) 


0 25 50 75 0 25 50 75 
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intel 


5101 FAMILY 
256 x 4 BIT STATIC CMOS RAM 


a Single +5V Power Supply a Directly TTL Compatible: 
¥ ideal for Battery All Inputs and Outputs 
Operation (5101L) a Three-State Output 


The Intel® 5101 is an ultra-low power 1024-bit (256 words X 4 bits) static RAM fabricated with an advanced ion-implanted 
silicon gate CMOS technology. The device has two chip enable inputs. Minimum standby current is drawn by this device when 
CE2 is at a low level. When deselected the 5101 draws from the single 5-volt supply only 10 microamps. This device is ideally 

suited for low power applications where battery operation or battery backup for non-volatility are required. : 


The 5101 uses fully DC stable (static) circuitry; it is not necessary to pulse chip select for each address transition. The data is read 
out non-destructively and has the same polarity as the input data. All inputs and outputs are directly TTL compatible. The 5101 
has separate data input and data output terminals. An output disable function is provided so that the data inputs and outputs may 
be wire OR-ed for use in common data I/O systems. Sie 


The 5101L has the additional feature of guaranteed data retention at a power supply voltage as low as 2.0 volts. 


A pin compatible N-channel static RAM, the Intel® 2101A, is also available for low cost applications where a'256 X 4 organiza- 
tion is needed. ee. | 


The Intel ion-implanted, silicon gate, Complementary MOS (CMOS) process allows the design and production of ultra-low power, 
high performance memories. 


PIN CONFIGURATION LOGIC SYMBOL 


BLOCK DIAGRAM 


CELL ARRAY 


A ROW 
2 32 ROWS 
Ao A, BELOENe 32 COLUMNS 


(ENABLE) 


Rae ag 


(ENABLE) [7 __} 


COLUMN 1/0 
CIRCUITS 


COLUMN (14) 
DECODER wo 


(en. COLUMN 
SELECT 
ABLE) BUFFERS 


DO, INPUT 
DATA 


CONTROL 


Di, 


Not Selected 


Not Selected oP A 
Output Disabled 6 6 TF 
Write © © ® 


Write 


= PIN NUMBER 
Read O > 
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5101 FAMILY 


Absolute Maximum Ratings * 


Ambient Temperature Under Bias... . . -10°C to 80°C 
Storage Temperature .......... -65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground .... -0.3V to Vcc +0.3V 
Maximum Power Supply Voltage ......... +7.0V 
Power Dissipation .................00. 1 Watt 


“COMMENT: 


Stresses above those listed under ‘Absolute Maximum 
Rating’ may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for ex- 
tended periods may affect device reliability. 


D. C. and Operating Characteristics 


Ta = 0°C to 70°C, Vec = 5V +5% unless otherwise specified. 


5101L and 5101L-1 
Limits 


Symbol Parameter 


I, 9f2] | Input Current 


lio 21} Output Leakage Current 


Min. Typ.(1] Max.|Min. Typ.[1] Max. 


a 


5101L-3 
Limits 


Test Conditions 


1 | wA |CE1=2.2V, Voyt= 


Oto Vcc 


5 
lec Operating Current 9 22 9 22 | mA | Vin=Vec, Except 
CE1 <0.65V, 
Outputs Open 
lec2 Operating Current 13 ai 13 27 | MA | Vin=2.2V, Except 
CE1 <0.65V, 
Outputs Open 
Iecyl2] | Standby Current UA |CE2<0.2V, Ta= 
70°C 
VIL Input Low Voltage -0.3 0.65 | -0.3 0.65 


Low Vcc Data Retention Characteristics (For 5101L, 5101L-1 and 5101L-3) Ty, =0°C to 70°C 


Se 
wed = OE all Cal eB 
Current CE2<0.2V Ta=70°C 
Ta=70°C 
a [omnentennine wef tf] 
NOTES: 


1. Typical values are Ta = 25°C and nominal supply voltage. 


2. Current through all inputs and outputs included in Icc__ measurement. 


3. tre = Read Cycle Time. 


5101 FAMILY 


Low Vcc Data Retention Waveform Typical Iccpr Vs. Temperature 


| 
DATA RETENTION | | 1.00 


SUPPLY 4 
VOLTAGE (Voc) & 4.75V q 
VpR . 
@ © vw 8 

CHIP ENABLE (CE2) @ o2v 0.10 


TEMPERATURE (°C) 


A.C. Characteristics 1 = 0°c to 70°c, Vcc = 5V +5%, unless otherwise specified. 


READ CYCLE 
a a : 
5101L-1 5101L-3 
Limits (ns) Limits (ns) 
Symbol Parameter Min. Max. 
Respect to Address Change 
Respect to Chip Enable 
WRITE CYCLE 
A. C. CONDITIONS OF TEST Capacitance’ 1, - 25°c, f= 1mHz 
Input Pulse Levels: +0.65 Volt to 2.2 Volt Limits (pF) 
Input Pulse Rise and Fall Times: 20 nsec Symbol Typ. 
Timing Measurement Reference Level: 1.5 Volt Input apactenee 
Output Load: 1 TTL Gate and C, = 100pF (All Input Pins) Vin = OV 


Output Capacitance Voyr = OV | 8 


NOTES: 1. Typical values are for Ta = 25°C and nominal supply voltage. 
2. This parameter is periodically sampled and is not 100% tested. 
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5101 FAMILY 


Waveforms 


READ CYCLE WRITE CYCLE 


tco1 ton 
CEI 7 cel 
CE2 é are 
oD OD 
(COMMON 1/0)!7) (COMMON 1/0)!2! 
ta 
DATA DATA OUT DATA 
OUT VALID IN 


RW 


NOTES: 
1. OD may be tied low for separate |/O operation. 


2. During the write cycle, OD is “‘high’’ for common I/O and 
“‘don’‘t care” for separate |/O operation. 
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intel 


M5101-4, M5101L-4 
256 x 4 BIT STATIC CMOS RAM 


# Military Temperature #® Fast Access Time—80Ons 
Range: =» Single +5V Power Supply 


—55°C to #125°C =» CE2 Controls Unconditional 
= Ultra Low Standby Standby Mode 
Current: 200 nA/Bit #® Three-State Output 


The Intel® M5101 is an ultra-low power 256 X 4 CMOS RAM specified over the -55°C to +125 °C temperature range. The RAM 
uses fully DC stable (static) circuitry and therefore requires no clocks or refreshing to operate. When deselected with CE2 low, the 
M5101 draws from the single 5-volt supply only 200 microamps at 125°C. 


The Intel® M5101 is fabricated with an ion-implanted, silicon gate, Complementary MOS (CMOS) process. This technology allows 
the design and production of ultra-low power, high performance memories. 


PIN CONFIGURATION LOGIC SYMBOL . H * 
oe Aad Absolute Maximum Ratings 

" Ambient Temperature Under Bias... -65°C to 135°C 
Ay Storage Temperature .......... -65°C to +150°C 
, Voltage On Any Pin 

A, With Respect to Ground .... -0.3V to Vcc +0.3V 
ie Maximum Power Supply Voltage ......... +7.0V 
”y Power Dissipation ................... 1 Watt 

*COMMENT: 


Stresses above those listed under "Absolute Maximum 
Rating” may Cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
| 00,-00, DATA OUTPUT | Exposure to absolute maximum rating conditions for ex- 
coe DT ee TT tended periods may affect device reliability. 


D. C. and Operating Characteristics for M5101-4, M5101L-4 


Ta = -55°C to 125°C, Vec = 5V +5% unless otherwise specified. 


Output Low Leakage 


Vin =Vec Except CE1 <0.01V 


Operating Current 
? 4 Outputs Open 


Operating Current 


Vin =O to Vcc, Except 
CE2 <0.2V 


Standby Current 


Input “‘Low”’ Voltage 
Input ‘‘High’’ Voltage 
Output ‘‘Low” Voltage 


Output “High” Voltage 


NOTES: 1. Typical values are Ta = 25°C and nominal supply voltage. 2. Current through all inputs and outputs included in Icc_.- 
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M5101-4, M5101L-4 


Vec for Data Retention 


Data Retention Current 
tcpR 


Chip Deselect to Data Retention 
Time 


NOTES: 1. 
2. tRc = Read Cycle Time. 


Low Vcc Data Retention Characteristics (For M5101L-4) Ta = -55°C to 125°C 


Typical values are Ta = 25°C and nominal supply voltage. 


‘ 


A \ 
CE2 <0.2V : 

200 HA Vor =2.0V 
a 


A.C. Characteristics for M5101-4, M5101L-4 


READ CYCLE 


tco1 
tco2 


2) 
=s 
xe) 
m 
=) 
@ | =! 
= 
ia) 
my 
m 
—) 
ot 
O 
O 
ra 
or 
xe] 
ee 
+ 


tre 
ta 

Chip Enable (CE2) to Output 
top 
DF 


Previous Read Data Valid with 
Respect to Chip Enable 


t Previous Read Data Valid with 
OT Respect to Address Change 


WRITE CYCLE 


Write Cycle 


Write Delay 


Chip Enable (CE1) To Write 
Chip Enable (CE2) To Write 


Data Setup 


A. C. CONDITIONS OF TEST 

0.5 Volt to Vec-2.0 Volt 
20nsec 
Timing Measurement Reference Level: 1.5 Volt 


1 TTL Gate and Cy = 100pF 


Input Pulse Levels: 


Input Pulse Rise and Fall Times: 


Output Load: 


DD 
o) 
» 
ok 
OQ 
< 
o. 
© 
CO 
(=) 
jo) 


Ta = -55°C to 125°C, Voc = 5V +5%, unless otherwise specified. 


| 800 


Test Conditions 


CO Oo 

‘ 2 
oO oe 
nn wn wn wn 


“~ 
=) 
i=) 
=) 
7) 


(See below) 


io) 
oO 
j=) 
=) 


(See below) 


[3] 
Capacitance’ 1, = 25°c, f= 1MHz 


Limits (pF) 
Symbol Test 


Cin Input Capacitance 
(All Input Pins) Viny = OV 
Output Capacitance Voyt = OV 


Cout 


NOTE: 3. This parameter is periodically sampled and is not 100% tested. 
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M5101-4, M5101L-4 


WRITE CYCLE 
READ CYCLE Hi se seeonesasicnnereeeamattoel 
-tco1 — toni 
CET 7 cel 
CE2 f CE2 
(COMMON 1/0) !1! (COMMON 1/0)?! 
ee " ta— 
DATA DATA OUT DATA 
OUT VALID IN 


R/W 


NOTES: 1. OD may be tied low for separate |/O operation. 
2. During the write cycle, OD is ‘high’ for common I/O and 
“‘don't care’ for separate |/O operation. 


Low Vec Data Retention 


DATA RETENTION 
MODE 


4.75V 


SUPPLY VOLTAGE (Vc) 
VbR 


@) 
1) 
GB) ViH 
CHIP ENABLE (CE2) @ 0.2v 
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oeceeee eee ppeeeseseoeeesee eee ss ee eee eee eee esse ssa eee ees 


LEGS 
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MOS ROM AND PROM FAMILY 


8192) 1024x8 


| 2316a__| 16384] 20aaxe | 2 


Operating 
Temperature 
Range 


Maximum 
Power 
Dissipation Page 


No. 


5V + 5% 
12V + 5% 


ase | 20488 [2 [eso | ove 70 | sv 10%) 028 
Presee|aoiexe fa [1s | reo | reo | <6 us | ov =o ae 
rap | Teo | 01070 | v= 10%) 42g 
rap | Teo | 0170 | v= 10%) 43g 


5V + 5% 
2608 8192 1024 x 8 0 to 70 12V +5% | 4-31 
-5V + 5% 


[oi 70 | sveex [aad 


-9V + 5% 
BV + 5% 
-9V + 5% 
BV + 5% 
-9V + 5% 
BV + 5% 
-10V + 5% 


-55 to 100 5V + 10% 
-9V + 10% 


MOS ROM 


ONE TIME 
PROGRAM- 
MABLE 


fo) 
ot 
Oo 
~ 
r=) 
< 
+ 
wh 
se 
£ 
N 
ead 


ee _ 
1702A-2 
1702A-6 
4702A 


M1702A 256 x 8 


24 
24 
BV + 5% 
1702AL 2048| 256x 8 221 Ot 70 | us ag 
1702AL-2| 2048] 256x8 221 0 to 70 BV + 5% 
-9V + 5% 
BV + 5% 
s 2704 4096} 512x8 800 Oto70 | 12V+5% | 4-38 
5 -5V + 5% 
cc 
a. 
Lu 
2 8192| 1024x8 800 12V + 5% 
= -BV + 5% 
5V + 5% 
8192| 1024x8 425 12V + 5% | 4-38 
-5V + 5% 
BV + 5% 
8192| 1024x8 800 12V + 5% 


-5V +5% 


5V + 10% 
12V + 10% 


M2708 8192 1024 x 8 24 


onl 
[Foto [sve 0x) 450 
[arse | s192[ 020x8 | 24 rsasniaa [01070 | svess [ast 


Notes: 1. TS is a three state output. ROM and PROM Programming Instructions 4-69 


2. The 2716/2758 has a standby power down feature. 
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3602A 
3602A-2 
3622A 
3622A-2 
3604A 
3604A-2 
3604AL 
3624A 
3624A-2 


1024x4 
1024x4 
1024x4 
1024x4 
1024x8 
1024x8 
1024x8 
1024x8 


BIPOLAR PROM FAMILY 


Maximum 
Access 
(ns) 


Maximum Operating 
Power Temperature 

Dissipation Range 
(mW) (°C) 


895 
895 
685/135/2! 
895 


Power 
Supply 


5V + 5% 
5V + 5% 
5V + 5% 
5V + 5% 
5V + 5% 


5V + 5% 
5V + 5% 
5V + 5% 
5V + 5% 
5V + 5% 
5V + 5% 
5V + 5% 
5V + 5% 


= 
=) 
oad 
= 
= 
=) 
cc 
oO 


— | —eeeteneninunisenees 
ROM and PROM Programming Instructions anor i | 4-69 
output respectively. OM Programming Instructions 


2. The 3604AL has a low power dissipation feature. 
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cc 
a 


BIPOLAR PROM CROSS REFERENCE 


748472 
74S473 
748474 
74S475 
748570 
748571 


\M—Intersil 
IM—Intersil 
IM—Intersil 
IM—Intersil 


Tl 
Ti 
Tl 
Ti 
National 
National 


HM—Harris 
HM—Harris 
HM—Harris 
HM— Harris 
HM—Harris 
HM—Harris 
HM— Harris 
HM— Harris 
HM— Harris 
HM—Harris 
HM—Harris 


82S115 | N—Signetics 
82S115 | S—Signetics 
82S130 | N—Signetics 
82S131 | N—Signetics 
828140 | N—Signetics 
82S141 | N—Signetics 
82S136 | N—Signetics 
82S137 | N—Signetics 
828180 | N—Signetics 
82S181 | N—Signetics 
82S184 | N—Signetics 
82S185 | N—Signetics 


Intel Part Number 


1024 x 4 
1024 x 4 
1024 x 8 
1024x 8 


3624A 
3605 
3625 


1024 x 4 
1024 x 4 
1024 x 4 
1024 x8 
1024x8 


512x 8 
512x8 
512x 4 
512x4 
512x 8 
512x8 
1024 x 4 
1024 x4 
1024 x 8 
1024x8 
2048 x 4 
2048 x 4 


3608 
3628 


3604A-2 
3624A-2 
3605-2 
3625-2 


M3604A 


M3624A 


3624A 
M3624A 
3602A 
3622A 


87S295 | National 512x8 3604A 
87S296 | National 512x8 3624A 


93436C | Fairchild 
93438C | Fairchild 
93438M] Fairchild 
93446C | Fairchild 
93448C | Fairchild 
93448M|] Fairchild 
93452C | Fairchild 
93453C | Fairchild 


NOTE: 1. 


512x4 
512x8 
512x8 
512x 4 
512x8 
512x 8 
1024 x 4 
1024 x 4 


3602A-2 
3604A-2 
M3604A 
3622A-2 
3624A-2 
M3624A 


The Intel® PROMs have the same pin configuration and differ 


only in access time from the PROMs in the first column. The 
exceptions are the 6350, 6351, 82S115, and 828184/85 which 
have different pin configurations. 


4-4 


intel 1702A 


2K (256 x 8) UV ERASABLE PROM 


1702A-2 | 0.65 us Max. 


1.0 us Max. 
1702A-6 1.5 us Max. 


=» Fast Access Time: Max. 650 ns =" Static MOS: No Clocks Required 
(1702A-2) = Inputs and Outputs DTL and 
=» Fast Programming: 2 Minutes TTL Compatible 
for all 2048 Bits = Three-State Output: OR-tie 
= All 2048 Bits Guaranteed” Capability 
Programmable: 100% Factory 
Tested 


The 1702A is a 256 word by 8-bit electrically programmable ROM ideally suited for uses where fast turn- 
around and pattern experimentation are important. The 1702A undergoes complete programming and function- 
al testing prior to shipment, thus insuring 100% programmability. 

Initially all 2048 bits of the 1702A are in the ‘’0” state (output low). Information is introduced by selectively 
programming ‘’1’’s (output high) in the proper bit location. The 1702A is packaged in a 24 pin dual in-line 
package with a transparent lid. The transparent lid allows the user to expose the 1702A to ultraviolet light to 
erase the bit pattern. A new pattern can then be written into the device. 


The circuitry of the 1702A is completely static. No clocks are required. Access times from 650ns to 1.5us are 
available. A 1702AL family is available (see 1702AL data sheets for specifications) for those systems requiring 
lower power dissipation than the 1702A. 


The 1702A is fabricated with silicon gate technology. This low threshold technology allows the design and pro- 
duction of higher performance MOS circuits and provides a higher functional density on a monolithic chip than 
conventional MOS technologies. 


*Intel’s liability shall be limited to replacing any unit which fails to program as desired. 


PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM 


DATA OUT 1 DATA OUT 8 


Address Inputs 
| Chip Select Input 


OUTPUT 
BUFFERS 


2048 BIT 
ROM MATRIX 
(256 x 8) 


DECODER 
*DATA OUT 7 


*DATA OUT 84 11 (MSB) cs 
INPUT 
Vec4 12 PROGRAM DRIVERS 


*THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING a 
o Ay Ay 


A,—A 


* le 
cs 


| Data Outputs 


Dout1—PouTs 


*DATA OUT 2 


*DATA OUT 3 


As PROGRAM 


*DATA OUT 4 


*DATA OUT 5 


*DATA OUT 6 


NOTE: Inthe read mode a logic 1 at the address inputs 
and data outputs is a high and logic O is a low. 


U.S. Patent No. 3660819 
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1702A 


PIN CONNECTIONS 

The external lead connections to the 1702A differ, depending on whether the device is being programmed or used in read modé 
(see following table). In the programming mode, the data inputs 1-8 are pins 4-11 respectively. 7he programming voltages and tim 
ing are shown in the ROM and PROM Programming instructions section, page 4-84. 


12 13 14 15 16 22 23 24 
(Vec) | (Program) (CS) (Vee) | (Vgc) (Vec) | (Vee) | (Vpp) 
Read sce: =[Vce | GND | Veco | Voc | ec =| Vcc =| oo 


Absolute Maximum Ratings* 


= 
© Ambient Temperature Under Bias ....... -10°C to +80°C “COMMENT 
= T HE. .gackav ww ww —65°C to +125°C . 
© sac nine ? " 6 Stresses above those listed under ‘‘Absolute Maximum Rat- 
& Soldering Temperature of Leads (10 sec) ........ +300°C nae . ae 
he ings’’ may cause permanent damage to the device. This is a 
Power Dissipation ....006¢00u ses aeenneweas 2 Watts 


stress rating only and functional operation of the device at 


Read Operation: Input Voltages and Supply these or at any other condition above those indicated in 


Voltages with respect to Voc ...--..--- +0.5V to —20V the operational sections of this specification is not implied. 
Program Operation: Input Voltages and Supply Exposure to Absolute Maximum Rating conditions for ex- 
Voltages with respect to Veg .. 1-1 ee ee ee —48V tended periods may affect device reliability. 


D.C. and Operating Characteristics 1, =0°c to 70°c, Voc = +5V 45%, Vpp = -9V #5%, VGg =-9V 45%, 
READ OPERATION unless otherwise noted. 


1702A, 1702A-6 Limits 1702A-2 Limits 
Symbol Test Min. = Typ. [1 Max. Min. — Typ. 1] Max. 
ly Address and Chip Select WA | Vin = 0.0V 
Input Load Current 


lpp7/1] | Power Supply Current 35 50 40 60 CS = Vin2, lot = 0.0mA, 
Ta = 25°C, Continuous 

Ipp2 Power Supply Current 32 46 37 55 mA | CS=0.0V, lo, = 0.0mA, 
Ta = 25°C, Continuous 


Ipp3 Power Supply Current 38 60 43 65 mA | CS=ViH2, lo, = 0.0mA, 


Ta = 0°C, Continuous 


lcr1 Output Clamp Current 7 13 Vout = -1.0V, 
Ta = 0°C, Continuous 


Icr2 Output Clamp Current 7 13 6 12 Vout = -1.0V, 


Ta = 25°C, Continuous 

Vint Input Low Voltage V 

for TTL Interface 
Vit2 Input Low Voltage Vop Vec-6 Vpp Vec-6 V 

for MOS Interface 
Ving | Addr. InputHigh Voltage | Vec-2 Vect0.3 | Vec-2 Vect03] Vi fo 
Vin2 | ChipSel.InputHigh Volt. | Vo¢-2 Vect0.3 | Voc-1.5 Vect0-3} Vif 

V 


VoL Output Low Voltage -3 0.45 -3 0.45 | ve lo. = 1.6mA 


Note 1: Typical values are at nominal voltages and Ta = 25°C. 
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1702A 


A.C. Characteristics 
T, =O'C to +70°C, Vee =45V20%,V,, = OV £5%, Veg = —9V +5% unless otherwise noted 


1702A 1702A-2 1702A-6 
imi Limits Limits 

Symbol Test in. : in. ; in. : 

tacc Address to Output Delay 1 065 fo Ms 


Capacitance © T, = 25°C 


SYMBOL TEST TYPICAL MAXIMUM UNIT CONDITIONS 


Vin =v All 
15 pF St 

CS = Veco unused pins 
° 


= 
=) 
oc 
— 
= 
=) 
oc 
oO 


Cin Input Capacitance 


ground 


8 
are at A.C. 
Cour Output Capacitance 10 


*This parameter is periodically sampled and is not 100% tested 


Switching Characteristics 
Conditions of Test: 
Input pulse amplitudes: 0 to 4V; t,, te <50ns 


Output load is 1 TTL gate; measurements made 
at output of TTL gate (tpp<15 ns), C, = 15pF 


A) READ OPERATION B) DESELECTION OF DATA OUTPUT IN OR-TIE 
OPERATION 


Vin 
ADDRESS 

Vit 

| 4 

Von Von TT : 
DATA DATA OUT | anon DATA OUT | , . 
OUT INVALID out INVALID , 

Vor : —™ Vor ¢ 


fe CC 


CYCLE TIME 1/—- REQ — 
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1702A 


Typical Characteristics 


OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
Vpp SUPPLY VOLTAGE TEMPERATURE 


Specified 
Operating Range 


lo, OUTPUT SINK CURRENT (mA) 
Io, OUTPUT SINK CURRENT (mA) 


o 


= 
=) 
oc 
= 
=) 
oc 
oO 


-— -6 -7 
Vpp SUPPLY VOLTAGE (V) 


10 20 30 40 50 60 70 80 
AMBIENT TEMPERATURE (°C) 


—3 


lop OUTPUT SOURCE CURRENT (mA) 
!o4 OUTPUT SOURCE CURRENT (mA) 


OUTPUT SINK CURRENT 


VS. OUTPUT VOLTAGE Ipp CURRENT VS. TEMPERATURE 
Voc = +5V 

< Vop = -9V 
E \ Veg= -9V 
5 3 2 INPUTS = Vo 
FS E a OUTPUTS ARE OPEN 
=> - 
Ss) é | 
x Fs 
: gf 
- 
5 2 sn | 
, : 
3 
5 i 

OUTPUT VOLTAGE (VOLTS) AMBIENT TEMPERATURE (°C) 

ACCESS TIME VS. ACCESS TIME VS. 

LOAD CAPACITANCE TEMPERATURE 


ACCESS TIME (ns) 
ACCESS TIME (ns) 


0 0 
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) 
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M1702A 
2K (256 x 8) UV ERASABLE PROM 


intel 
—55°C to +100°C OPERATION 


» Fast Access Time: Max. 850 ns =» All 2048 Bits Factory Tested 
= Completely Static Prior to Shipment 


» Inputs and Outputs DTL » Three-State Output 
and TTL Compatible = 24 Pin Dip 


The Intel® M1702A is a 256-word by 8-bit ultraviolet light erasable and electrically reprogrammable EPROM which is speci- 


fied over the -55°C to +100 °C temperature range. The M1702A has a transparent lid which allows the user to expose the 
M1702A to UV light to erase the bit pattern. A new pattern can then be written into the device. 


PIN CONFIGURATION 


*DATAQUT 1 (LSB) A3 
*OATA OUT 2 
*DATA OUT 3 
*DATA OUT 4 
*DATA OUT 5 
*DATA OUT 6 
*DATA OUT 7 
*DATA OUT 8-4 11 (MSB) cs 


Vee] 12 PROGRAM 


“THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING 


*REFER TO THE 1702A DATA SHEET FOR PIN CONNECTIONS 
OURING READ AND PROGRAM 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias ....... -65°C to 110°C 
Storage Temperature ............. —65°C to +125°C 
Soldering Temperature of Leads (10sec) ........ +300°C 
Power Dissipation .......02660be0eennaeeeee 2 Watts 
Read Operation: Input Voltages and Supply 

Voltages with respect to Voc... «sss +0.5V to —20V 
Program Operation: Input Voltages and Supply 

Voltages with respect to Veg... - ee ee —48V 
"COMMENT 


Stresses above those listed under ‘‘Absolute Maximum Rat- 
ings’’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 
Exposure to Absolute Maximum Rating conditions for ex- 
tended periods may affect device reliability. 


D.C. and Operating Characteristics 1, = -55°c to 100°C, Voc = +5V 10%, Vpp = -9V +10%, 
READ OPERATION Vog = -9V +10% unless otherwise noted. 


Symbol Test Min. Typ.) | Max. | Unit Conditions 
ILo Output Leakage Current 10 Vout = 0.0V,CS= Vino 
Ipp1{1] Power Supply Current 50 mA | CS=Viny2, lo, =0.0mA, 


Ta = 25°C, Continuous 


lIpp2 Power Supply Current 46 mA | CS=0.0V, Io, =0.0mA, 
Ta = 25°C, Continuous 
lIpp3 Power Supply Current 65 mA CS=Vino, lo = 0.0mA, 
Ta = -55°C, Continuous 
IcF Output Clamp Current 11 mA | Vout = -1.0V, 
Ta = -55°C, Continuous 
lag | Gate Supply Currant 40 | HA 


Vind Input Low Voltage for TTL Interface 
Vita Input Low Voltage for MOS Interface Vpop 


ViH1 Address Input High Voltage 


V 
Vect0.3 V 


-3 | 0.45 lot = 1.6mA 
V_ | low = -200HA 


ViH2 Chip Select Input High Voltage 


VoH Output High Voltage 


Ww 


\ 
: N 
(jo) 


5 


ww Ww Ww 
> fe) roe) N on C 
on 
Ss 
rep) 
on 
< 


Note 1. Typical values are at nominal voltages and Ta = 25°C. 


a 
Ke) 


= 
=) 
or 
= 
=) 
o 
oO 


= 
=) 
a 
= 
=) 
oc 
QO 


M1702A 


A.C. Characteristics 


Ta = ~55 C to 100°C, Voc = +5V +10%, Vpp = -9V +10%, Vag = -9V +10% unless otherwise noted. 


Symbol 

Freq. 

wm 
top 


Input Capacitance 


*This parameter is sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test: 
Input pulse amplitudes: 0 to 4V; t,, te <50 ns 
Output load is 1 TTL gate; measurements made 
at output of TTL gate (tpp<15 ns), Ci = 15pF 


A) READ OPERATION 


CYCLE TIME 


1/F REC) ——— 
Vid 


aporess YX 


Vou 
DATA DATA OUT | 
OUT INVALID | 
Vou +——_—— 


a tacc : = 


ERASING AND PROGRAMMING PROCEDURE 


The erasing and programming procedure of the M1702A is 
the same as the 0°C to 70°C 1702A. The procedure is 
discussed in Section IV, page 4-83, of the data catalog. 


TYPICAL MAXIMUM UNIT 
; ae 
einen Me ML Mccall 
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Limits 
Test Min. Max. 


CONDITIONS 
Vin = Vee All 
CS = Vec unused pins 
Vout = Vcc | are at A.C. 
Voc Vec ground 


B) DESELECTION OF DATA OUTPUT IN OR-TIE 


OPERATION 
ADDRESS 
Vit 
| 
Vin t | 10% 
cs , 
V 90% | 


| | ot loo [* 
Von ——— : | _ 
DATA OUT 
DATA } | | 
our INVALID 
Vou t Se 


intel 1702AL, 1702AL2 


2K (256 x 8) UV ERASABLE LOW POWER PROM 


MAXIMUM 
Part No. | ACCESS (us) | tovaaG (us) 
a ee 


1702AL 0.4 


1702AL-2| 0.65 | 0.3 


5 
= Clocked Vac Mode for Low = Inputs and Outputs DTL and TTL & 
Power Dissipation Compatible 
=» Fast Programming: 2 Minutes » Three-State Output: OR-tie 


for all 2048 Bits Capability 
= All 2048 Bits Guaranteed* 

Programmable: 100% Factory 

Tested 


The 1702AL is a 256 word by 8 bit electrically programmable ROM and is the same chip as the industry standard 1702A. The 
programming and erasing specifications are identical to the 1702A. The 1702AL operates with the Vgc clocked to reduce the 
power dissipation. 

Initially all 2048 bits of the 1702AL are in the “0” state (output low). Information is introduced by selectively programming 
“1's (output high) in the proper bit location. The 1702AL is packaged in a 24 pin dual in-line package with a transparent lid. The 
transparent lid allows the user to expose the 1702AL to ultraviolet light to erase the bit pattern. A new pattern can then be 
written into the device. 

The 1702AL is fabricated with silicon gate technology. This low threshold technology allows the design and production of high 
performance MOS circuits and provides a higher functional density on a monolithic chip than conventional MOS technologies. 


*Intel’s liability shall be limited to replacing any unit which fails to program as desired. 


PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM 
DATA OUT 1 DATA OUT 8 
A2 Voo 
i Ss i ic 8 ies! OUTPUT 
a Vee | CS Chip Select Input BUFFERS 
*DATA OUT 1 A3 seas BIT 
PROGRAM ROM MATRIX 
*DATA OUT 2 A4 (256 x 8) 
*DATA OUT 3 As 
*DATA OUT 4 Ag 
DECODER 
*DATA OUT 5 Az 
*DATA OUT 6 Veg 
*DATA OUT 7 Vv INPUT 
. - DRIVERS 
*DATA OUT 8 cs 
Vee PROGRAM Ao Ay A; 
NOTE: Inthe read mode a logic 1 at the address inputs 
“THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING and data outputs is a high and logic 0 is a low 


U.S. Patent No. 3660819 
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1702AL, 1702AL2 


PIN CONNECTIONS 

The external lead connections to the 1702AL differ, depending on whether the device is being programmed or used in read mod¢ 
(see following table). In the programming mode, the data inputs 1-8 are pins 4-11 respectively. The programming voltages and ti 
ing are shown in the Data Catalog ROM and PROM Programming Instructions section, page 4-83. 


12 13 14 15 16 22 23 24 | 
(Vcc) | (Program) (CS) (Vep) (Vgc) (Vec) | (Vec) | (Vpp) | 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias ....... -10°C to +80°C *COMMENT 
Storage Temperature ............. —65°C to +125°C 
Soldering Temperature of Leads (10sec) ........ +300°C 
Power Dissipation ........... 0000 e eens 2 Watts 
Read Operation: Input Voltages and Supply 


Stresses above those listed under ‘‘Absolute Maximum Rat- 
ings’’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
these or at any other condition above those indicated in 


= 
=) 
oc 
™ 
= 
=) 
oc 
oa 


Voltages with respect to Voc ..--...--. +0.5V to —20V the operational sections of this specification is not implied. 
Program Operation: Input Voltages and Supply Exposure to Absolute Maximum Rating conditions for ex- 
Voltages with respect to Vag .. 1-2 ee ee eee —48V tended periods may affect device reliability. 


D.C. and Operating Characteristics 1, =0°c to 70°c, vec = +5V #5%, Vp = -9V #5%, Veg!) = -9v 25%, 


READ OPERATION unless otherwise noted. 
1702AL Limits 1702AL-2 Limits 
Symbol Test Min. — Typ.[2] Max. Min. = Typ. [2] Max. 


VIN = 0.0V 


Vout = 0.0V, CS = Vec-2 
Ta=25 C CS= Vin, Veg=Vee, 
Ta=0°C lo. =0.0mA 
CS = Vcc -2, lo, = 0.0mA, 
Ta = 25°C, Continuous 
CS = 0.0V, Io, = 0.0mA, 
Ta = 25°C, Continuous 
CS = Vcc -2, lox. = 0.0mA, 
Ta = 0°C, Continuous 


lcr1 Output Clamp Current mA | Vout =-1.0V, 
Ta = 0°C, Continuous 


ILo Output Leakage Current 


hoy Address and Chip Select 
Input Load Current 
Ipp07!1! | Power Supply Current 7 10 7 10 


lpp1!1! | Power Supply Current 35 50 35 50 


Ipp2 Power Supply Current 32 46 32 46 


Ipp3 Power Supply Current 38 60 38 60 


IcF2 Output Clamp Current 7 13 5 7 Vout = -1.0V, 
Ta = 25°C, Continuous 
Vint Input Low Voltage 
for TTL Interface 
Vito Input Low Voltage Vpp Vec-6 Vpp Vec-6 
for MOS Interface 


Vin Address and Chip Select | Vec-2 Vect0.3 | Vec-2 Vect0.3 
Input High Voltage 


VoL Output Low Voltage -3 0.45 -3 0.45 


Von __ | Output High Voltage 35 45 35 458 


NOTES: 1. The 1702AL is operated with the VGq clocked to obtain low power dissipation. The average Ipp will vary between Ippg and Ippy (at 
25°C) depending on the VGq duty cycle (see curve opposite). 2. Typical values are at nominal voltage and T, = 25°C. 
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Vout = 0.45V 


VouT = 0.0V 


1702AL, 1702AL2 


TYPICAL CHARACTERISTICS 


AVERAGE CURRENT VS. DUTY ACCESS TIME VS. OUTPUT SINK CURRENT 
CYCLE FOR CLOCKED VgGo&G TEMPERATURE VS, OUTPUT VOLTAGE 


CLOCKED Vg, = -9V 


Vpp =-9V = 
a z 
loa 35 cs Vin t 
— 
30 = 
= z . 10.0 
E 25 w 3 
Qa = x 
_) = > 8.0 
w 20 - 3 
o) 3 ra 
<q wi 5 60 
Vr 15 9 a 
Ww 5) = 
z : : 
10 ", 4.0 
rae 3 
= TELE i 
oF ft) 
10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 —4 =-~-$ -2 =1 o +1 +2. +3 
Ley 
DUTY CYCLE (%) AMEN T TEMP ERADene aes OUTPUT VOLTAGE (VOLTS) 


A.C. CHARACTERISTICS T, =0°C to +70°C, Vcc = +5V +5%, Vpp = -9V +5% unless otherwise noted 


1702AL 1702AL-2 
Limits Limits 
Symbol Test Min. Max. Min. Max. Unit 


CAPACITANCE T, =25°C 


SYMBOL TEST TYPICAL MAXIMUM UNIT 
pF 


CS=V unused pins 
out . pr | ee OV weet AG 
Veg Capacitance pF Vee = Vic ground 
(Note 1) 


*This parameter is periodically sampled and is not 100% tested. 


SWITCHING CHARACTERISTICS 
Conditions of Test: 
Input pulse amplitudes: 0 to 4V; tr, te <50 ns 
Output load is 1 TTL gate; measurements made at output of TTL gate (tpp<15 ns), Cy = 15pF 


A. READ OPERATION B. DESELECTION OF DATA OUTPUT IN OR-TIE 
OPERATION 
Vin 10% 
ADDRESS ADDRESS 4 _— 
Vit 
>0 ns 
Vin \ 
AN 
. AM 
‘tbvea > 
Vec vy, 
CLOCKED CLOCKED t 
tacc ——> 
V, Vou 
DATA” DATA ( vatavatio HIGH Z 


= 
=) 
oc 
= 
) 
oc 
a 


intel 
4702A 
2K (256 x 8) UV ERASABLE PROM 


=» Access Time: 1.7 usec Max. s Inputs and Outputs TTL 
= Fast Programming: 2 Minutes Compatible 
for all 2048 Bits =» Three-State Output: OR-Tie 
: = Ultraviolet Erasable and Capability 
S Electronically Reprogrammable = Standard Operating 
™  # Fully Decoded, 256 x 8 Temperature Range of 
Organization 0° to 70°C 


Static MOS: No Clocks Required = Also Available with -40° to 
+85°C Operating Range 


The 4702A is a 256 word by 8 bit electrically programmable ROM ideally suited for microcomputer system development where 
fast turn-around and pattern experimentation are important. The 4702A undergoes complete programming and functional 
testing on each bit position prior to shipment, thus insuring 100% programmability. 

The 4702A is packaged in a 24 pin dual-in-line package with a transparent quartz lid. The transparent quartz lid allows the user 
to expose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the device. This procedure 
can be repeated as many times as required. 


The circuitry of the 4702A is entirely static; no clocks are required. 


The 4702A is fabricated with silicon gate technology. This low threshold technology allows the design and production of higher 
performance MOS circuits and provides a higher functional density on a monolithic chip than conventional MOS technologies. 


PIN CONFIGURATION BLOCK DIAGRAM 
af 231) %00 DATAOUT1 DATAOUT8 
A,[ }2 af] . . .}.}}}}§©=— o_o <<< 

7 OUTPUT 


*DATA OUT 2[ [5 20] |Aq 


2048 BIT 
PROM MATRIX 


(256 X 8) 


DECODER 


INPUT 
DRIVERS 


PROGRAM —> 
*DATA OUT 3[ 6 19] J As 


*DATA OUT 4[ 97 18] |A6 
*DATA OUT 5[ ]8 177 JA7 
*DATA OUT 6| 49 16 |Vogc 


*DATA OUT 7[ $10 151 |Vepg 


*DATA OUT 8[| 911 (MSB) 14] |Ccs 


Vec [ ]12 13] | PROGRAM 
Ao Ay Az 


*THIS PIN IS THE DATA INPUT LEAD DURING PROGRAMMING. 


PIN NAMES 


Ao-A7 ADDRESS INPUTS 
cs CHIP SELECT INPUT 
DO,- DO2 DATA OUTPUTS 
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4702A 
Pin Connections 


The Programming voltages and timings are shown in the Data Catalog ROM and PROM programming instruction 


section, page 4-83. 
The external lead connections to the 4702A differ, depending on whether the device is being programmed'') or used in read 


13 15 
(Program) cs) (Vep ) ri ) Vee) 


Vee [Yes | NOT Vee [Yes —————*d Mee 
‘END Prowse | GND) Wop | Pod Vg Wwe | GND 


mode. (See following table.) 


Programming 


Absolute Maximum Ratings* 


Ambient Temperature Under Bias ........ 0°C to +70°C “COMMENT 
oO 10) 
— Dee Fea w eens eae eiickad cots Stresses above those listed under ‘‘Absolute Maximum Rat- 
Soldering Temperature of Leads (10sec) ........ +300°C ou fegg as 
Sw ings’’ may cause permanent damage to the device. This is a 
Power Dissipation We+-o- eee eee 2 Watts stress rating only and functional operation of the device at 
Read Operation: Input Voltages and Supply these or at any other condition above those indicated in 
Voltages with respect to Vcc .....-..-- +0.5V to —20V the operational sections of this specification is not implied. 
Program Operation: Input Voltages and Supply Exposure to Absolute Maximum Rating conditions for ex- 
Voltages with respect to Veg 2. ce ee ew eran —48V tended periods may affect device reliability. 


READ OPERATION 


D.C. and Operating Characteristics 
T, = O°C to 70°C, Veg = +5Vt5%, Voy =-10V45%, Ve, =-10V+5%, unless otherwise noted. 


SYMBOL TEST MIN. TyYPl2] max. CONDITIONS 


ly Address and Chip Select uA Vinj  O.0V 
Input Load Current 
lLo Output Leakage Current SA Vout * 0.0V, cS = Veco 72 


lop1 Power Supply Current mA CS=Voc —2 
Io, ~0.0mMA, Ta 95°C 


lop? Power Supply Current CS-0.0 
lo, =0.0mA, Ta = 25°C 


Sik 
> 


P 43 63 A <= Continuous 
ower Supply Current m “Vee —2 Operation 
, =0.0mA , Ty = O°C 


= = oO 
lceg | Output Clamp Current er Vour = W1OV, T, = 25°C 
Vind Input Low Voltage for — 0.65 V 

TTL Interface 
ViL2 Input Low Voltage for Vop Vec —6 V 

MOS Interface | 
Vin Address and Chip Select Vec -2 ¢ +0.3 

Input High Voltage 
lot | Output Sink Current 1.6 4 mA Vout  0-45V 
Vo, | Output Low Voltage 7 0.45 lb, > 1.6mA 
Voy Output High Voltage 3.5 lay 7 100 pA 


Note 1: In the programming mode, the data inputs 1—8 are pins 4—11 respectively. CS = GND. 
Note 2: Typical values are at nominal voltages and Ta = 25 °C. 
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=) 
ac 
= 
=) 
cc 
o 


= 
=) 
a 
= 
=) 
oc 
a 


4702A 


A.C. Characteristics 
T, =O C to+70°C, Veg =+5V +5%,V,, =-10V 45%, Ver =-10V +5% unless otherwise noted 


TYPICAL 


SYMBOL TEST 


MINIMUM 


Repetition Rate 


Previous read data valid 
Address to output delay 
Chip select delay 
Output delay from CS 


Output deselect 


CONDITIONS 


SYMBOL 


Input Capacitance ne 


Output Capacitance 


*This parameter is periodically sampled and is not 100% tested. 


Vin=Vcec, CS=Vec, | All unused pins 
Vout=Vcc, are at A.C. 
Vec=Vcc ground 


Switching Characteristics 


Conditions of Test: 
Input pulse amplitudes: 0 to 4V; tr, te <50 ns. 
a) For output load = 1 TTL gate; measurements 
made at output of TTL gate (tpp <15 ns) 
b) For pure capacitive load of 75pf. 


ies. °C DATA OUT 
INVALID 


DESELECTION OF DATA OUTPUT IN OR TIE OPERATION 


| 
| —| loo 
Von v | | 
DATA | | 
OuT | 
Vou | , 
eS ta 
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Typical Characteristics 


lg, OUTPUT SINK CURRENT (mA) 


lon OUTPUT SOURCE CURRENT (mA) 


lbp CURRENT (mA) 


ACCESS TIME (ns) 


OUTPUT CURRENT VS. 
Vpp SUPPLY VOLTAGE 


Specified 
Operating Range 


Ipp CURRENT VS. TEMPERATURE 


INPUTS 


MEN : 
34 | | AINA I OUTPUTS ARE OPEN 


= ae | | | 
CELESTE 
pt TTT PING Te 
| | TT | fes-oovy | tt 
Po 


0 


0 6 100 120 
AMBIENT TEMPERATURE (°C) 


ACCESS TIME VS. 
LOAD CAPACITANCE 


a 


1 TTL LOAD 
Veo = +5V 
Vop = -10V 
Veg = -10V 
= 25C 


0 
0 10 20 30 40 50 60 70 80 90 100 


LOAD CAPACITANCE (pF) 


4702A 


OUTPUT CURRENT VS. 
TEMPERATURE 


19, OUTPUT SINK CURRENT (mA) 


= 
=) 
a 
= 
=) 
oc 
a 


lo OUTPUT SOURCE CURRENT (mA) 


OUTPUT SINK CURRENT 
VS. OUTPUT VOLTAGE 


OUTPUT VOLTAGE (VOLTS) 


ACCESS TIME VS. 
TEMPERATURE 


1 TTL LOAD ~ 20 pf 


ACCESS TIME (ns) 


AMBIENT TEMPERATURE ( C) 
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intel 2308/8308* 


8K (1K x 8) ROM 


=» Fast Access Time: 450 ns Three-State Output: OR-Tie 


= Standard Power Supplies: Capability . 
+12V,+5V Fully Decoded: On Chip 


= TTL Compatible: All Inputs Address Decode 


3 and Outputs = Inputs Protected: All Inputs 
> » Programmable Chip Select Have Protection Against Static 
Fa Input for Easy Memory Charge 

Expansion s Pin Compatible to 2708 EPROM 


and 2608 PROM 


The Intel 2308 is a 8192 bit static MOS read only memory organized as 1024 words by 8-bits. This ROM is designed for 
memory applications where high performance, large bit storage, and simple interfacing are important design objectives. 


The inputs and outputs are TTL compatible. The chip select input (CS2/CS2) is programmable. An active high or low level 
chip select input can be defined by the designer and the desired chip select logic level is fixed at Intel during the masking pro- 
cess. The programmable chip select input, as well as OR-tie compatibility on the outputs, facilitates easy memory expansion. 
A cost-effective system development program may be implemented by using the Intel 2708 8K UV EPROM for prototyping 
and the lower cost 2608 PROM and 2308 ROM for production. 


The 2308 read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer with 
high performance, easy-to-use MOS circuits. 


PIN CONFIGURATION BLOCK DIAGRAM 


DATA OUTPUT 


ee 
CHIP SELECT 
__ LOGIC 
cs2/cs2 ————> 

Ag ———+» 

Ag ecg Y 

A, ———+ DECODER 
Ag 


OUTPUT BUFFERS 


Ao - Ag 
ADDRESS 
INPUTS Ac 2 
| gens 
aaa 
| oer x 64 X 128 
A, —_—_+ DECODER ROM ARRAY 
Ao eee 
PIN NAMES 
ADA 9 
0)-0g 
NOTE 1. THE CS2/CS2 LOGIC LEVELS MUST BE SPECIFIED BY THE USER AS 
CS2/Gaal11| PROGRAMMABLE CHIP SELECT INPUT EITHER A LOGIC 1 (Viy) OR LOGIC O (Vy). A LOGIC 0 SHOULD BE 


SPECIFIED IN ORDER TO BE COMPATIBLE WITH THE 2708/2608. 


*8308 specifications are identical to the 2308 specifications. 
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2308 


ABSOLUTE MAXIMUM RATINGS* 


*COMMENT 
Ambient Temperature Under Bias...... -25°C to +85°C Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may 
Storage Temperature ............. -65°C to +150°C Cause permanent damage to the device. This is a stress rating only 
Voltage On Any Pin With Respect and functional operation of the device at these or any other condi- 
ToV -0.3V to 20V Hons above those indicated in the operational sections of this speci- 
; ‘BB ole eee ° fication is not implied. Exposure to absolute maximum rating condi- 
Power DSsipetich «2sckvc chev see een eas 1.0 Watt tions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°C to +70°C, Voc = 5V +5%; Vop = 12V +5%, Veg = -5V +5%, Vos = OV Unless Otherwise Specified. = 
Cc 
: 
Symbol Parameter Unit Test Conditions a 
ly Input Load Current =| 10 MA Vin = 0 to 5.25V 
(All Input Pins Except CS, ) 
Ieee Input Load Current on CS, |e A Vin = 0.45V 
lLpc Input Peak Load Current on CS, 4 | mA 0.8V < Vin <3.3V 
lLKe Input Leakage Current on CS, Vin = 3.3V to 5.25V 


ce 
=|: 3 
<|} <<} <<} <| <| pls : 


Min. | 

ss 

a 
lLo Output Leakage Current P Chip Deselected 
Vit Input ‘“‘Low”’ Voltage 
ViH Input ‘‘High’’ Voltage 
VOL Output “Low” Voltage a | 0.45 | lo. = 2mA 
ous Output “High” Voltage ae lou =-4mA 
VoH2 Output “High” Voltage oe lon =-1mMA 

NOTE 1: Typical values for Ta = 25°C and nominal supply voltage 
D.C. OUTPUT CHARACTERISTICS D.C. OUTPUT CHARACTERISTICS 


9 -10 


| 
-9 ee —_ =<} — ——}+ ~——+ Ss 


r= | _t,=0to70°c | | 


-7 


lo mA 
a 
lou mA 
® 


24 26 28 30 3.2 34 36 3.8 4.0 4.2 


Voy VOLTS 
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2308 


A.C. CHARACTERISTICS 


Ta = 0°C to +70°C, Veg = +5V +5%; Vpp = +12V +5%, Veg = -5V +5%, Veg = OV, Unless Otherwise Specified. 


) 
Symbol Parameter Unit 
tacc Address to Output Delay Time 


tco, Chip Select 1 to Output Delay Time 


tco2 Chip Select 2 to Output Delay Time 


NOTE 2: Refer to conditions of Test for A.C. Characteristics. Add 50 nanoseconds (worst case) to specified values at 
VOH = 3.7V @ IQH = -1mA, CL = 100pF. 


= 
=) 
cc 
= 
ro) 
a 
ra 


CONDITIONS OF TEST FOR CAPACITANCE®* Ty, = 25°C, f = 1 MHz, Vag =-5V, Vpp, 
A.C. CHARACTERISTICS Vec and all other pins tied to Vgs. 

Output Load. ....4 1 TTL Gate, and Ci gap = 100pF Se 
Input Pulse Levels ............2000% .65V to 3.3V Symbol Test 

Input Pulse Rise and Fall Times ........... 20 nsec 


Timing Measurement Reference Level Cin Input Capacitance a 
Tere e Te Te Tee eee eS 2.4V Vin, Vou; 0.8V Vit, Vor a Gutput Capacitance | 12 pF 


*This parameter is periodically sampled and is not 100% tested. 


CC ee 
ADDRESS 
Ao-Ag 


cs, 


cS,/C8, X % 
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2308 
TYPICAL CHARACTERISTICS (Nominal supply voltages unless otherwise noted.) 


Ipp VS. TEMPERATURE A OUTPUT CAPACITANCE 
(NORMALIZED) VS. A OUTPUT DELAY 
+40 
— +20 
oO 
2 
= 
<x 
= 
5 0 
— 
—_ 
ee 
=) 
oe) 
<1 -20 
-40 
-100 -50 0 +50 +100 
AMBIENT TEMPERATURE T, (°C) A CAPACITANCE (pF) 
CS} INPUT Tacc VS. TEMPERATURE 
CHARACTERISTICS (NORMALIZED) 


0 5 1.0 1.5 2.0 2.5 3.0 0 10 20 30 40 50 60 70 80 90 


Vin (VOLTS) AMBIENT TEMPERATURE T, (°C) 
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intel 
2316A/4316A/8316A* 
16K (2K x 8) ROM 


= Single +5 Volts Power Supply = Three-State Output—OR-Tie 
Voltage Capability 


Guaranteed 850ns Access Time = Fully Decoded—On Chip 
Directly TTL Compatible — All Address Decode 


= 

= Inputs and Outputs # Inputs Protected— All Inputs 
Select Inputs for Easy Memory Charge 
Expansion 


The Intel 2316A is a 16,384 bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is designed for 
memory applications where high performance, large bit storage, and simple interfacing are important design objectives. 


The inputs and outputs are fully TTL compatible. This device operates with a single +5V power supply. The three chip select 
inputs are programmable. Any combination of active high or low level chip select inputs can be defined by the designer and 
the desired chip select logic level is fixed during the masking process. These three programmable chip select inputs, as well as 
OR-tie compatibility on the outputs, facilitates easy memory expansion. . 


The 2316A read only memory is fabricated with N-channel silicon gate technology. This technology provides the designer 
with high performance, easy-to-use MOS circuits. Only a single +5V power supply is needed and all devices are directly TTL 


compatible. 
PIN CONFIGURATION BLOCK DIAGRAM 
A7{ 91 240 }Vcc 


O, 0, 0, 0, 0, 0, 0 0 
1 2 ~3 ~4 5 "6 "7 8 
AsL] 2 231 JO) t=O V 


AwLt4 a OUTPUT BUFFERS te 
DECODE 


ian im mile ol ee ae 


Y DECODER 1 OF 16x 8 


As{_] 10 15[_ J CS,/CS, 
Ag (LJ 11 14[|_ JCs./Cs, 
GND L_]12 13] CS,/CS, 16, 384 BIT 


2) 
loa 
Ww 
uw 
a 
=) 
[ee] 
- 
=) 
a 
& 
2) 
Yn 
Ww 
io 
Q 
Q 
< 


CELL MATRIX 


X DECODER 1/128 


PIN NAMES 


Ao A1o ADDRESS INPUTS 
0;-Og | DATAOUTPUTS 
CS;-CS3 PROGRAMMABLE CHIP SELECT INPUTS 


*All 4316A and 8316A specifications are 
identical to the 2316A specifications. 4-22 


2316A 


ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature Under Bias ........ -10°C to 80°C 


Storage Temperature ............... -~65°C to +150°C 
Voltage On Any Pin With Respect 
TO OVOUDG 64 csc awa eee eee ae ee ees -0.5V to +7V 


6. ta- wits die Gus Aa ee Wee w eee 1.0 Watt 


*COMMENT: Stresses above those listed under ‘‘Absolute Maximum 
Ratings’’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS Ta= O0°C to +70°C, Vec = 5V +5% unless otherwise specified 


kits 
SYMBOL PARAMETER MIN. at MAX. UNIT TEST CONDITIONS 
hy Input Load Current _ 1 10 UA Vin = 0 to 5.25V 
(All Input Pins) 
lec Power Supply Current | 40 98 All inputs 5.25V Data Out Open 


VIL Input ‘“Low” Voltage 08 | V 
Vi Input ‘‘High’’ Voltage thee V 
VOH Output “High” Voltage <3 en ae a lou = -100 vA 


(1) Typical values for Ta = 25°C and nominal supply voltage. 
TYPICAL D.C. CHARACTERISTICS 


Vin LIMITS VS. TEMPERATURE 


1.8 


TYPICAL 
1.6 + _ 4 = —_ 
Vin (MIN) 
e 
S$ 1.4 
a 
> 
1:2 
1.0 
0 10 20 30 40 50 60 70 
Ta (C) 
OUTPUT SINK CURRENT VS. 
OUTPUT VOLTAGE 
<q 
E 
is 


Vot (VOLTS) 
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STATIC icc VS. AMBIENT TEMPERATURE 
WORST CASE 


100 


80 


lec (mA) 


60 


Vcc = 5.25V 


ALL ADDRESSES TIED 
TOVcc 


CHIP DESELECTED 


20 40 60 80 
Ta (C) 


OUTPUT SOURCE CURRENT VS. 
OUTPUT VOLTAGE 


1OH (mA) 


Vou (VOLTS) 


= 
=) 
oc 
— 
= 
=) 
oc 
oO 


= 
S) 
a 
= 
=) 
cc 
oO 


2316A 


A.C. Characteristics 1, = 0°c to +70°C, Vcc = +5V +5% unless otherwise specified 


LIMITS 


ta Address to Output Delay Time ae 85 
tco Chip Select to Output Enable Delay Time PG 300 


SYMBOL PARAMETER UNIT 


aE 
a 


n 
tor Chip Deselect to Output Data Float Delay Time 0 300 n 
CONDITIONS OF TEST FOR CAPACITANCE?) T, = 25°C, f = 1MHz 
A.C. CHARACTERISTICS LIMITS 
Output Load ...1TTLGate,andCigoap=100prF SYMBOL TEST TYP. MAX. 
Input Pulse Levels ............... 08to2.0V __ 
Input Pulse Rise and Fall Times .(10% to 90%) 20 nS Cin All Pins Except Pin Under 4 pF 10 pF 
Timing Measurement Reference Level Test Tied to AC Ground 
WD. kw ao, eo ee ee we ee A ee oy = 
Output ................ 0.45V to 2.2V Court All Pins Except Pin Under a BF 15 pF 
Test Tied to AC Ground 
(2) This parameter is periodically sampled and is not 100% tested. 
A.C. Waveforms 


tco- - ~ ‘DF 


PROGRAMMABLE 
CHIP SELECTS 


ta — — ~_ 


Typical A.C. Characteristics 


ACCESS TIME VS. AMBIENT ACCESS TIME VS. LOAD 
TEMPERATURE CAPACITANCE 
1000 


ta (nS) 


CLoApD (pfd) 
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intel 
2316E 
16K (2K x 8) ROM 


=» Fast Access Time—450 ns Max. » EPROM/ROM Pin Compatible for 
Cost-Effective System 


= Single +5V~ 10% Power Supply Development 
» Completly Static Operation 


= 
=) 
cc 
= 
=) 
co 
a 


Intel MCS 80 and 85 C tibl 
—_ sah a Inputs and Outputs TTL 


Compatibl 
= Three Programmable Chip pauble 
Selects for Simple Memory =» Three-State Output for Direct 
Expansion and System Interface Bus Interface 


The Intel® 2316E is a 16,384-bit static, N-channel MOS read only memory (ROM) organized as 2048 words by 8 bits. Its 
high bit density is ideal for large, non-volatile data storage applications such as program storage. The three-state outputs and 
TTL input/output levels allow for direct interface with common system bus structures. The 2316E single +5V power supply 
and 450 ns access time are both ideal for usage with high performance microcomputers such as the Intel MCS'™-80 and 
MCS'™.85 devices. 


A cost-effective system development program may be implemented by using the pin compatible Intel 2716 16K UV EPROM 
for prototyping and the lower cost 2616 PROM and 2316E ROM for production. The 2716 is fully compatible to the 2316E 
in all respects. The three 2316E programmable chip selects may be defined by the user and are fixed during the masking pro- 
cess. To simplify the conversion from 2716 prototyping to 2316E production, it is recommended that the 2316E program- 
mable chip select logic levels be defined the same as that shown in the below data sheet pin configuration. This pin configura- 
tion and these chip select logic levels are the same as the 2716. 


PIN CONFIGURATION BLOCK DIAGRAM 


Do D1 D2 D3 D4 Ds Dg D7 


cs 
OUTPUT BUFFERS 


Y DECODER 1 OF 16x 8 


Vec 
+—O GND 


1 
2 
3 
4 
5 
6 
7 
8 
9 


16, 384 BIT 
CELL MATRIX 


72) 
og 
iw 
ua 
uw 
= 
@ 
— 
> 
a 
2 
22) 
ea) 
Ww 
a 
So 
Oo 
<x 


xX DECODER 1 128 


PIN NAMES 


Ao-A10 ADDRESS INPUTS 
D7—Do DATA OUTPUTS 
CS1—CS3 | CHIP SELECT INPUTS 
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2316E 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias........ -10 Cto 80 C *COMMENT: Stresses above those listed under ‘Absolute Maxi- 
2 i Ratings’’ may cause permanent damage to the device. This is a 

oeee anes - +150°C = mum Ratings” may | 7 
alias peste ne ne Sto 3 stress rating only and functional operation of the device at these or 
Voltage On Any Pin With Respect at any other conditions above those indicated in the operational 
amcice a ae -0.5V to +7V sections of this specification is not implied. Exposure to absolute 
Power Dissipation 1.0 Watt maximum rating conditions for extended periods may affect device 


reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta= 0°C to +70°C, Vec = 5V +10%, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER 
TYP.) | MAX. 
ly Input Load Current 
(All Input Pins) 


Output Leakage Current oe 


Pics | Power Sply Curent [ 
Input ‘“‘Low” Voltage 
Vin Input “High” Voltage 


VoL Output ‘‘Low” Voltage ms 


Output “‘High”’ Voltage 2.4 


NOTE: 1. Typical values for Ta = 25°C and nominal supply voltage. 


A.C. CHARACTERISTICS 


Ta =0°C to +70°C, Vec = +5V +10%, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER 


Address to Output Delay Time 
Chip Select to Output Enable Delay Time 


Chip Deselect to Output Data Float Delay Time 


CONDITIONS OF TEST FOR CAPACITANCE!) Ta =25°C, f= 1 MHz 
A.C. CHARACTERISTICS 
Output Load ........... 1 TTL Gate and C, = 100 pF 
Input Pulse Levels...........0....0004 0.8 to 2.4V shale 
Input Pulse Rise and Fall Times (10% to 90%) ..... 20 ns All Pins Except Pin Under 10 pF 
Timing Measurement Reference Level Test Tied to AC Ground 
LOWE 6.4 a oe 6 a's oe ee oe Be 1V and 2.2V Cout All Pins Except Pin Under 10 pF | 15 pF 
CUROUE chk em tee paw es ee ee 0.8V and 2.0V Test Tied to AC Ground ‘snail lade 


NOTE: 2. This parameter is periodically sampled and is not 100% 
tested. 
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2316E 


A.C. Waveforms 


7 
oe, aa 
~ KEN == 


Typical System Application (8K x 8 ROM Memory) 


ADDRESS BUS 


AAS = 
CONTROL BUS SYSTEM 
i ie Fi ™ 
DATA BUS 
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PROM/ROM 


intel 


M2316E 
16K (2K x 8) ROM 


= Single +5V+10% Power Supply = Completly Static Operation 


= 
= =» Three Programmable Chip 
a Selects for Simple Memory = Inputs and Outputs TTL 
Expansion and System Interface Compatible 
= EPROM/ROM Pin Compatible for 
Cost-Effective System =» Three-State Output for Direct 
Development Bus Interface 


The Intel® M2316E is a 16,384-bit static, N-channel MOS read-only memory (ROM) organized as 2048 words by & 

Its high bit density is ideal for large, non-volatile data storage applications such as program storage. The three 
outputs and TTL input/output levels allow for direct interface with common system bus structures. The M2316E sir, 
+5V power supply and fast access time is ideal for usage with high performance microcomputers such as Inte) 
M8080A. 


A cost-effective system development program may be implemented by using the pin compatible Intel® M2716 16K UV 
EPROM for prototyping and the lower cost M2316E ROM for production. The three M2316E programmable chip selects 
may be defined by the user and are fixed during the masking process. To simplify the conversion from M2716 
prototyping to M2316E production, it is recommended that the M2316E programmable chip select logic levels be 
defined the same as that shown in the below data sheet pin configuration. This pin configuration and these chip select 
logic levels are the same as the M2716. 


PIN CONFIGURATION BLOCK DIAGRAM 


Do D1 D2 D3 D4 D5 Dg D7 


OUTPUT BUFFERS 


Y DECODER 1 OF 16x 8 


1 
2 
3 
4 
5 
6 
7 
8 
2 


ADDRESS INPUT BUFFERS 


16, 384 BIT 
CELL MATRIX 


X DECODER 1 128 


PIN NAMES 


Ao-A10 | ADDRESS INPUTS 
D7—Dg | DATA OUTPUTS Ao 
CS1—CS3 | CHIP SELECT INPUTS 
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intel 


2332 


32K (4K x 8) ROM 


m@ Single +5V + 10% Power Supply 

= Pin Compatible to Intel® 2716 and 
2732 EPROMs 

m@ 300ns Max. Access Time 

m@ Low Power Dissipation: 
40mA Max. Average Current 
15mA Max. Standby Current 


m@ Edge Enabled With Static Array 

@ Inputs and Outputs TTL Compatible 

m@ Three-State Output for Direct Bus 
Interface 

= Output Enable for MCS-85™ and 
MCS-86™ Compatibility 


= 
rs) 
oc 
™ 
= 
=) 
cc 
a 


The Intel® 2332 is a single +5V supply, 32,768-bit N-channel MOS read only memory organized as 4096 words by 8-bits. It 
has static memory cells and clocked peripheral circuitry, giving a fast device access time with low active power dissipation. 
The 2332 features an automatic standby power mode. When deselected by CE, the active power dissipation is reduced 


from 40mA to 15mA, a 60% reduction. 


The 2332 is ideal for microprocessor systems, especially those with common input and output bus structures. The separate 
output control, OE, eliminates bus contention. The 300ns access time, three-state outputs, address latches, and TTL 


input/output levels further simplify system design. 


A cost effective system development program may be implemented by using the pin compatible Intel® 2732, 32K UV 
EPROM for prototyping and the 2332 ROM for volume production. The 2732 is fully compatible to the 2332 in all respects. 


PIN CONFIGURATION 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PIN NAMES 


rCE. | CHIP ENABLE 
(OE | OUTPUT ENABLE | 
fO0-07 [| ourruTs 


4-29 


BLOCK DIAGRAM 


DATA OUTPUTS 
‘cco 00-07 
7 ti 


OE OE AND 


CE CE LOGIC OUTPUT BUFFERS 


Y 
Ao-A14 DECODER 


rs 
ADDRESS —s 
INPUTS 
x 32,768-BIT 
DECODER Hi CELL MATRIX 


intel 
2364 
64K (8K x 8) BIT ROM 


a Single +5V +10% Power Supply a Inputs and Outputs TTL Compatible 

= Pin Compatible to Intel® 2732 a Three-State Output for Direct Bus 
EPROM Interface 

= Low Power Mode = MCS-80 and MCS-85 Compatible 


= 
=) 
oc 
as 
= 
=) 
or 
oO. 


The Intel® 2364 is a single +5V, 65,536-bit N-channel MOS read only memory organized as 8192 words by 8 bits. Its high 
bit density is ideal for large, non-volatile data storage, such as program storage. The three-state outputs and TTL 
input/output levels allow for direct interface with common bus structures. The 2364 has a low power mode which 
reduces the active power dissipation by over 50%. 


A cost-effective system development program may be implemented by using the Intel® 2732 32K UV EPROM for 
prototyping and the 2364 ROM for production. The lower 24 pins of the 2364 are the same as the 2732 to facilitate 
board designs in making the transition from EPROM to ROM. 


PIN CONFIGURATION BLOCK DIAGRAM 


DATA OUTPUTS 
Vcc o———> 00-07 


OUTPUT BUFFERS 


Y-GATING 


65,536-BIT 
CELL MATRIX 


PIN NAMES 


OUTPUT ENABLE 
CHIP ENABLE 


CHIP SELECT 
NO CONNECTION 
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intel 


2608 


8K (1K x 8) FACTORY PROGRAMMABLE PROM 


= Fast Access Time — 450 ns Max. 
= Pin Compatible to 2708 EPROM and 


2308 ROM 
= Static — No Clocks Required 


= Data Inputs and Outputs TTL 
Compatible 


= Three-State Outputs — OR-Tie 
Capability 


The Intel® 2608 is a 8192-bit, one-time factory-programmable MOS PROM organized as 1K words by 8 bits. The elec- 
trical characteristics are specified over the 0°C to 70°C operating temperature range with 5% power supply variation. 
The 2608 features are ideally suited for microprocessor systems: 450 ns maximum access time, three-state outputs for 
common bussing, and TTL inputs/outputs for easy interfacing. 


A cost-effective system development program may be implemented by using the Intel® 2708 EPROM for pattern exper- 
imentation, the 2608 for first incremental 2308 ROM delivery and the 2308 for volume production. The 2608 is fully com- 
patible to the 2708 in all respects. The fast factory 2608 code pattern turnaround time gives a rapid transition from 


EPROM to ROM for production. 


PIN CONFIGURATION 


PIN NAMES 


[Ap-Ag | ADDRESS INPUTS 
0;-0g | DATA OUTPUTS/INPUTS 


Cs CHIP SELECT/WRITE ENABLE INPUT 


BLOCK DIAGRAM 


DATA OUTPUT 
Oo-—07 


-——_——__, 


_ CHIP SELECT 
os LOGIC 
¥ 
DECODER 


x 
DECODER 


OUTPUT BUFFERS 


Y GATING 


64 X 128 
ROM ARRAY 


ADDRESS 
INPUTS 


MODE SELECTION 


[ | PIN NUMBER 


| ADDRESS 
DATA 1/0 INPUTS 
9-11 1-8, Vss Vop 
MODE 13-17 22,23 12 19 
READ Dout 1 Ain GND +12 
DESELECT | HIGH IMPEDANCE | DON’T CARE L GND | +12 
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2608 


Absolute Maximum Ratings* *COMMENT 

Temperature Under Bias... .ncskscairnveevaduue -25°C to +85°C _ Stresses above those listed under ‘Absolute Maximum 
Storage Temperature. ..4 56.6 eeeeseeseueeneedus =65°C to +125°C  , Ratings” may cause permanent Gamage 1 the device. 
Vop With Respect to Vgg..-.-. ee cee eee e eee eees +30 te 0g * “This is a stress rating only and Tupetiona! operenan 


of the device at these or any other conditions above 


Vec and Vssg With Respect to Vgg ......- 2-2 e eee ees *1EV to-O.3V stoce indicated in the operational sections of this 
All Input or Output Voltages With Respect specification is not implied. Exposure to absolute 
i, | a, a, ee eee ee ee ee ee +15V to -0.3V = maximumrating conditions for extended periods may 


affect device reliability. 


D.C. and Operating Characteristics 


= 
O 
a 
= 
=) 
cr 
ao 


Ta =0°C to 70°C, Veco = +5V +5%, Vpp =+12V +5%, Vep!'! = -5V +5%, Vsg = OV, unless otherwise noted. 


Symbol Parameter Typ. [21 Unit 
ly Address and Chip Select Input Sink Current a a 


lLo Output Leakage Current 


Conditions 
Vin = 5.25V or Vin = Vie 
Vout = 5.5V, CS/WE = 5V 
Worst Case Supply Currents: 


Ipp'3!_ | Vpp Supply Current 


Icc/3! Vec Supply Current 


All Inputs High 
CS/WE = 5V;T, =0°C 


-_ 
jo) 


LA 
HA 
mA 
mA 

A 


© 
(e)) 
oO 


© 
> 
on 


Vit ‘Input Low Voltage 


WwW 
on) 


VoL Output Low Voltage 


VonH2 Output High Voltage ; 


Pp Power Dissipation F800 


NOTES: 1. Vgp must be applied prior to Vcc and Vpp. Vgp must also be the last power supply switched off. 
2. Typical values are for Ta = 25°C and nominal supply voltages. 
3. The total power dissipation is specified at 800 mW. It is not calculated by summing the various currents (Ipp, 


Icc, and Igg) multiplied by their respective voltages since current paths exist between the various power supplies and Vsg. The 
Ipp. '!cc, and Igp currents should be used to determine power supply capacity only. 


lon = 1.6mA 
IOH = -100”uA 


Min. ; Max. 
1 10 
30 45 
Vs 
Vin Input High Voltage 


ce) 
~S 


NO 
pes 


IOH =-ImA 
Ta =70°C 


= 


is) 
oO 
wo 


Typical Characteristics 


MAXIMUM JUNCTION TEMPERATURE RANGE OF SUPPLY CURRENTS 
VS. AMBIENT TEMPERATURE VS. TEMPERATURE ACCESS TIME VS. TEMPERATURE 
80 500 


150 


ALL POSSIBLE OPERATING | 
1 TTL LOAD + 100pF 


65, = 80°C/W CONDITIONS: 
Voc = 5.25V Vec = 5.28 
Vop = 12.6V Voo * 12.6V 400 
Vag = -5.25V _ Ves ~ -5.26V 
< 
100 £E 
¢ 300 
2 = 
S 4 g 
es & y 
=“ 
K ra} — 
z 200 
- =) 
a 
100 


Ty (°C) 


2608 


A. C. Characteristics 


Ta = 0°C to 70°C, Voc = +5V +5%, Vpp = +12V +5%, Vag = -5V +5%, Vg = OV, unless otherwise noted. 


| Min, | Typ] Max, 
Address to Output Delay p80 | 50 

| tco ___| Chip Select to Output Delay | | | 120 
a a 


Chip Deselect to Output Float 


Address to Output Hold | ons | 


= 
or 
= 
=) 
oa 
a 


A.C. TEST CONDITIONS: | 


Output Load: 1 TTL gate and C, = 100 pF 
Input Rise and Fall Times: <20 ns - 


C | ceaii Comenatbariea Timing Measurement Reference Levels: 0,8V and 
Rear 2.8V for inputs; 0.8V and 2.4V for outputs. 
Court : Input Pulse Levels: 0.65V to 3.0V 


Note: 1. This parameter is periodically sampled and is not 100% tested. 


Waveforms 


ADDRESS 
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intel 
2616* 


16K (2K x 8) FACTORY PROGRAMMABLE PROM 


= Single +5V Power Supply = Pin Compatible to Intel® 2716 EPROM 
and 2316E ROM 


= Low Power Dissipation 
a» Fast Access Time — 450 ns Max. 


525 mW Max. Active Power = Inputs and Outputs TTL Compatible 


132 mW Max. Standby Power = Completely Static 


= 
=) 
ox 
= 
=) 
oc 
oO 


The Intel® 2616 is a 16,384-bit, one-time factory-programmable MOS PROM organized as 2048 words by 8 bits. The 
2616 operates from a single + 5V power supply, has a static standby mode, and is TTL input/output compatible. It is 
specified over the 0°C to 70°C operating temperature with 5% power supply variation. 


A cost-effective system development program may be implemented quickly into production by using the Intel® 2716 
EPROM for pattern experimentation, the 2616 for fast first incremental 2316E ROM delivery, and the 2316E for volume 
production. The 2616 is fully compatible to the 2716 in all respects. The fast factory 2616 code pattern turnaround time 
gives rapid transition from EPROM to ROM for production. 


The 2616 has a static standby mode which reduces the power dissipation without increasing access time. The maxi- 
mum active power dissipation is 525 mW, while the maximum standby power dissipation is only 132 mW — a 75% 
saving. 


PIN CONFIGURATION* MODE SELECTION 


Vcc OUTPUTS 
(24) (9-11, 13-17) 


BLOCK DIAGRAM 


DATA OUTPUTS 
Vcc O————> 09-07 
een ser emma 


PIN NAMES OUTPUT BUFFERS 


Ag—Ag ADDRESSES 
, Y-GATING 
CE/PGM | CHIP ENABLE/PROGRAM 
|OE _|_ OUTPUT ENABLE Ag-A10 
> ADDRESS 
0,-0, OUTPUTS a 


xX 16,384-BIT 
DECODER CELL MATRIX 


*Pin 18 and pin 20 have been named to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMs. 
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2616 


Absolute Maximum Ratings* 


Temperature Under Bias............. -10°C to +80°C *COMMENT: Stresses above those listed under ‘Absolute Maxi- 

Storage Temperature.............. -65°C to +125°C mum Ratings’’ may cause permanent damage to the device. This is a 

All Input or Output Voltages with stress eae sh a apes Spa ete = device at ‘nese or 

any other conditions above those indicated in the operational sec- 

Respect to Ground ....-...-..-+-.. +6V to -0.3V tions of this specification is not implied. Exposure to absolute 

maximum rating conditions for extended periods may affect device 
reliability. 


READ OPERATION 
D.C. and Operating Characteristics 
Ta = 0°C to 70°C, Vecll2] = +5V +5%, Vppl2] = Voc +0.6V 


rae Input Load Current its 
ae Output Leakage Current a 


Vpp = 5.85V 


CE med OE= Vib 


Vpp Current 
Vec Current (Standby) 
Vec Current (Active) 


Input High Voltage 
Output Low Voltage — 
Von Output High Voltage | 24 | 


NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Vpp may be connected directly to Vcc. The supply current would then be the sum of Icc and Ipp}4. 
3. Typical values are for Ta = 25° C and nominal supply voltages. 


Typical Characteristics 


Icc CURRENT ACCESS TIME ACCESS TIME 
vs. vs. vs. 
TEMPERATURE CAPACITANCE TEMPERATURE 


— 500 
Icc2 ACTIVE CURRENT 
CE=ViL 
ed Vec=5V € 400 
£ O 
2 
is) Fe 300 
200 
100 
0 ) 
0 100 200 300 400 500 600 700 800 0 10 20 30 40 50 60 #70 80 
TEMPERATURE (°C) CL (pF) TEMPERATURE (°C) 
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2616 


A.C. Characteristics 
Ta = 0°C to 70°C, Vee!) = +5V +5%, Vppl2] = Vee +0.6V 


Symbol Parameter Test Conditions 
jsymiat | Paamete  g Typ.!41 Teconvons 


Fame] on 
fa | Bate eee 
a 
: a 
= 


Output Enable High to Output Float 
Address to Output Hold 


= 
=) 
a 
= 
= 
oO 
oc 
a 


A.C. Test Conditions: 


Output Load: 1 TTL gate and C; = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1V and 2V 
Outputs 0.8V and 2V 


A.C. Waveforms [5] 


ee @® 
ADDRESSES 4 a 
ee se 
CE 
eee 


(450 MAX.) 


[6] 
— toe 
(120 MAX.) [7] 
toF 
[6] (100 MAX.) 
HSB tacc Saat 
(450 MAX.) 


HIGH Z ///// HIGH Z 
OUTPUT ARK VALID OUTPUT 


NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously of after Vpp. 

2. Vpp may be connected directly to Vcc. The supply current would then be the sum of Icc¢ and Ipp}4. 
3. Typical values are for Ta = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. 

5. All times shown in praentheses are minimum times and are nsec unless otherwise specified. 

6. OE may be delayed up to 330ns after the falling edge of CE without impact on tacc: 

7. tor is specified from OE or CE, whichever occurs first. 
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2616 


DEVICE OPERATION 


The modes of operation of the 2616 are listed in Table I. 
It should be noted that all inputs are at TTL levels. Only a 
single +5V power supply is required since Vpp may be con- 
nected to Vcc. 


TABLE |. MODE SELECTION 


Vpp Vcc OUTPUTS 
(21) (24) (9-11, 13-17) 


READ MODE 


The 2616 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 


pins, independent of device selection. Assuming that 
addresses are stable, address access time (tacc) is equal to 
the delay from CE to output (tcg¢). Data is available at 
the outputs 120 ns (tog) after the falling edge of OE, 
assuming that CE has been low and addresses have been 
stable for at least tacc — toe. 


STANDBY MODE 


The 2616 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2616 is placed in the standby mode by applying a TTL high 
signal to the CE input. When in standby mode, the outputs 
are in a high impedence state, independent of the OE input. 


OUTPUT DESELECTION 


The outputs of two or more 2616s may be OR-tied toge- 
ther on the same data bus. Only one 2616 should have its 
output selected (OE low) to prevent data bus contention 
between 2616s in this configuration. The outputs of the 
other 2616s should be deselected by raising the OE input 
to a TTL high level. 
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intel 2708/8708* 
8K AND 4K UV ERASABLE PROM 


Max. Power | Max. Access | Organization 
s00mw | 4508 | ‘1K 
g00mW | 350s 
s00mW | 450s 


= Low Power Dissipation — 425 mW = Static — No Clocks Required 
Max. (2708L) 


a Data Inputs and Outputs TTL 
Compatible during both Read and 
Program Modes 


= Three-State Outputs — OR-Tie 
a Pin Compatible to Intel® 2308 ROM Capability 


The Intel® 2708 is a 8192-bit ultraviolet light erasable and electrically reprogrammable EPROM, ideally suited where 
fast turnaround and pattern experimentation are important requirements. All data inputs and outputs are TTL com- 
patible during both the read and program modes. The outputs are three-state, allowing direct interface with common 
system bus structures. A pin-for-pin mask programmed ROM, the Intel® 2308, is available for large volume production 
runs of systems initially using the 2708. 


w Fast Access Time — 350 ns Max. 
(2708-1) 


= 
=) 
a 
= 
=) 
oc 
ou 


The 2708L at 425 mW is available for systems requiring lower power dissipation than from the 2708. A power 
dissipation savings of over 50%, without any sacrifice in speed, is obtained with the 2708L. The 2708L has high input 
noise immunity and is specified at 10% power supply tolerance. A high-speed 2708-1 is also available at 350 ns for 
microprocessors requiring fast access times. For smaller size systems there is the 4096-bit 2704 which is organized as 
512 words by 8 bits. All these devices have the same programming and erasing specifications of the 2708. The 2704 
electrical specifications are the same as the 2708. 


The 2708 family is fabricated with the N-channel silicon gate FAMOS technology and is available in a 24-pin dual in-line 


package. 
PIN CONFIGURATION BLOCK DIAGRAM 
DATA OUTPUT 
U9—07 
A7{ 31 241 J} Vcc ——————______, 


A2|_ }6 2708/2704 


(LSB) Ao LJ} 8 
(LSB) Oo LJ 9 
O2] 410 
02 LJ11 


Ves L_] 12 


NOTE 1: PIN 22 MUST BE CONNECTED 
TO Vsg FOR THE 2704. 


PIN NAMES 


237 | Ag 


22 & Ag!1) 


211_] Ves 
_ = CHIP SELECT 
201 |] CS/WE cs/WE ———> LOGIC 
191 | Vpop 
Y 
DECODER 


x 
DECODER 


181 | PROGRAM Ag ——+> 


17{_J 07 (mMsB) A;——> 


ADDRESS 
15[ ] 05 INPUTS | 


PIN CONNECTION DURING READ OR PROGRAM 


ADDRESS INPUTS 


e) 


DATA OUTPUTS/INPUTS PIN NUMBER 
CSMWE | CHIP SELECT/WRITE ENABLE INPUT ADDRESS 


DATA I/O INPUTS 


MODE 13-17 22,23 


26V 


*All 8708 specifications are identical to the 2708 specifications. 
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9-11, 1-8, PROGRAM | Vpp 


PROGRAM Ain | GND PULSED 


OUTPUT BUFFERS 


Y GATING 


64 X 128 
ROM ARRAY 


Vec 
24 


READ Ain GND GND Vit 5 | 45 
DESELECT | HIGH IMPEDANCE | DON’T CARE | GND GND Vin | -5 | 45 
Vinw -5 +5 


2708 FAMILY 


PROGRAMMING 


The programming specifications are described in the PROM/ROM Programming Instructions on page 4-83. 


Absolute Maximum Ratings* 


Temperature Under Bias ................ 00000 -25°C to +85°C *COMMENT 

Storage Temperature ............ 00.000 eee eee -65°C to +125°C _ Stresses above those listed under ‘Absolute Maximum 

Vop With Respect to Veg... ck ee ee ee ree ee eee ee +20V to -0.3V Ratings’ may cause permanent damage to the device. 

Vec and Vsg With Respect to Vgg .....-... eee ee eee Hivie- page "Seas ean ey ane eae) Opetaten 
; of the device at these-or any other conditions above 

All Input or Output Voltages With Respect those indicated in the operational sections of this 

__to VeB During Hed. 66a ce cee dud ad eave aneaikues +15V to -0.3V specification is not implied. Exposure to absolute 

CS/WE Input With Respect to Veg maximum rating conditions for extended periods may 

During Programming i. 6.65 seu c's s se ee ese wee a +20V to-0.3V affect device reliability. 
Program Input With Respect to Vgg ...........---5- +35V to -0 3V 
Power Dissipation ....-¢50.ewr eee wee ewe ueneeweenterers 1.5W 


= 
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DC and AC Operating Conditions During Read 


2708 2708-1 2708L . 


READ OPERATION 
D.C. and Operating Characteristics 


2708, 2708-1 Limits 2708L Limits 
Symbol Parameter (2] [2] Test Conditions 


VOL Output Low Voltage Vv lo. = 2mA (2708L) 


mW Ta =O C 


NOTES: 1. Vgp must be applied prior to Vcc and Vpp. Vgg must also be the last power supply switched off 

2. Typical values are for Ta = 25°C and nominal supply voltages. 

3. The total power disiipation is not calculated by summing the various currents (Ipp, cc, and |gg) multiplied by their respective vol- 
tages since current paths exist between the various power supplies and Vgs. The Ipp, !cc, and |gg currents should be used to deter- 
mine power supply capacity only. 

4. Igp for the 2708L is specified in the programmed state and is 18 MA maximum in the unprogrammed state. 


2708L 2708 AND 2708-1 
RANGE OF SUPPLY CURRENTS RANGE OF SUPPLY CURRENTS 
VS. TEMPERATURE VS. TEMPERATURE ACCESS TIME VS. TEMPERATURE 
80 500 


Vec = 5.5V 
Vpp= 13.6V 
Vep= -5.5V 


ALL POSSIBLE OPERATING 
CONDITIONS: 
Voc = 5.25V 


Vop = 12.6V 
Vag = -8-25V 
| 


1 TTL LOAD + 100pF 


| 


sa AANA \\y 


SUPPLY CURRENTS (mA) 
SUPPLY CURRENTS (mA) 
& 


auarcsnne eH) 
RRR ERIN er 
oe 
\ “ 


Ta (°C) 


= 
=) 
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2708 FAMILY 


A. C. Characteristics 


aa Limits ihe 2708L, Limits 
Symbol Parameter 
Typ. Max. 


ae 
ior | Gir Onstcooummrin | OO | 
a = 


CAPACITANCE! tT, =25°C, f=1MHz A.C. TEST CONDITIONS: 


Output Load: 1 TTL gate and C, = 100 pF 
Timing Measurement Reference Levels: 0.8V and 
| 
[em [rcs [ «Te [oF [Viveov 28V for inputs; O8V and 2.4V for outputs 
Output Capacitance | 8 | 12 | pF | Input Pulse Levels: 0.65V to 3.0V 


Note: 1. This parameter is periodically sampled and is not 100% tested. 


Waveforms 


ATA OUT INVALI 


ERASURE CHARACTERISTICS form Intel which should be placed over the 2708 window 
to prevent unintentional erasure. 
The erasure characteristics of the 2708 family are such that 


erasure begins to occur when exposed to light with wave- The recommended erasure procedure (see page 4-83) for 
lengths shorter than approximately 4000 Angstroms (A). It the 2708 family is exposure to shortwave ultraviolet light 
should be noted that sunlight and certain types of fluores- which has a wavelength of 2537 Angstroms (A). The inte- 
cent lamps have wavelengths in the 3000—4000A range. grated dose (i.e., UV intensity X exposure time) for erasure 
Data show that constant exposure to room level fluores- should be a minimum of 15 W-sec/cm2. The erasure time 
cent lighting could erase the typical device in approxi- with this dosage is approximately 15 to 20 minutes using 
mately 3 years, while it would take approximately 1 week an ultraviolet lamp with a 12000 uW/cm? power rating. 
to cause erasure when exposed to direct sunlight. If the The device should be placed within 1 inch of the lamp 
2708 is to be exposed to these types of lighting conditions tubes during erasure. Some lamps have a filter on their 
for extended periods of time, opaque labels are available tubes which should be removed before erasure. 
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M2708 
8K (1K x 8) UV ERASABLE PROM 


» Extended Temperature Range: 
-55°C to 100°C 


= Fast Programming: 
Typ. 100 sec. For All 8K Bits 


=» Low Power During Programming 
» Access Time: 450 ns Max. 


=» Standard Power Supplies: 
+12V, +5V, -5V 


a Static: No Clocks Required 


a Inputs and Outputs TTL 
Compatible During Both Read 
and Pregram Modes 


a» Three-State Output: OR-Tie 
Capability 


a Hermetic Package: 24 Pin DIP 


= 
=) 
cc 
= 
= 
=) 
oc 
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The Intel M2708 is a high speed 8192 bit erasable and electrically reprogrammable ROM (EPROM) ideally suited where fast 
turn around and pattern experimentation are important requirements. 


The M2708 is packaged in a 24-pin dual-in-line package with transparent lid. The transparent lid allows the user to expose the 
chip to ultraviolet light to erase the bit pattern. A new pattern can then be written into the devices. 


The M2708 is fabricated with the time proven N-channel silicon gate technology. 


PIN CONFIGURATION BLOCK DIAGRAM 


DATA OUTPUT 
09-07 


-——___+—___ 


241 | Vec 


23 | Ag 


22 [7] a, (msB) 
211_J Ves 


20} _J CS/WE OUTPUT BUFFERS 


Y GATING 


ae CHIP SELECT 
_ 
Ao —_—_—_SP 
A,————> Y 
A, DECODER 
A3 


191 | Vpp 


181 | PROGRAM 


(LSB) Ag |_ 98 171} O7 (MSB) 


(LSB) Oo LJ 9 161} 06 
ADDRESS 
01 LJ 10 157 ] 05 INPUTS A 
oe 
o2[ 411 14 | 04 /\ x 64 X 128 
A,——> DECODER ROM ARRAY 
Ves LJ 12 13 f_} 03 ——- 
PIN NAMES 
PIN CONNECTION DURING READ OR PROGRAM 
Ag-Ag | ADDRESS INPUTS - _ eae 
DATA OUTPUTS [ PIN NUMBER 


DATA 1/0 
9-11, 
13-17 


MODE 
READ 


Dout 


eee lest ~ 


1-8, 
22, 23 
Ain 


| ADDRESS | 
INPUTS 


Vss 
12 
GND 


PROGRAM 
18 


DESELECT | HIGH IMPEDANCE | DON’T CARE GND | GND 
PROGRAM | Din Ain GND | PULSED | +12 +5 
| ee ee L _J 
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M2708 


Absolute Maximum Ratings * 


Temperature Under Bias................. 0000 es -65°C to 110°C *COMMENT , 
Storage Temperature ...........0 000 cece eee eee -65°C to +125°C Stresses above those listed under “Absolut 
Vpp With Respect to Veg... ........00 eevee ee eee +20V to -0.3V Ratings’’ may cause permanent damage to the ¢ 
. This is a stress rating only and functional operatio 
+ = : 
Vec and Vss With Respect to Vpap ...........2200-- 15V to -0.3V af hic testes ot thece or anv other candidoneabel 


All Input or Output Voltages With Respect 


those indicated in the operational sections of t is. 


__to Voe During R@ad «uo dw kee ek 6 OS ewe Oe +15V to -0.3V specification is not implied. Exposure to absolute 

CS/WE Input With Respect to Veg maximum rating conditions for extended periods may 
During Programming .............00000 eee eee +20V to -0.3V affect device reliability. 

Program Input With Respect to Veg .......-----005% +35V to -0 3V 

FOWEr DISSIPATION ccc sc Cow ee DO See wR wR we ed wwe 1.8W 


= 
=) 
cc 
™. 
= 
=) 
cc 
a 


READ OPERATION 
D.C. and Operating Characteristics 
Ta = -55°C to 100°C, Vec = +5V +10%, Vpp = +12V +10%, Vgp!'! = -5V +10%, Vsg = OV, unless otherwise noted. 


ley Address and Chip Select Input Sink Current LA Vin = 5.5 V or Vin = Vit 


lLo Output Leakage Current 1 10 LA Vout = 5.5 V, CS/WE = 5V 


Ipp!3! Vpp Supply Current Worst Case Supply Currents: 


= 
> 


= 


3 3 


All Inputs High 
CS/WE = 5V; Ta =-55°C 


Ioc/3! Vec Supply Current 


Ing!) Veg Supply Current 


Vit Input Low Voltage 
Vin Input High Voltage 
VoL Output Low Voltage lo. = 1.6mA 


Vout Output High Voltage lon = -100KA 


VoH2 Output High Voltage lon =-1MA 


Ta = 100°C 


Pp Power Dissipation 


NOTES: 1. Vgp must be applied prior to Vcc and Vpp. Vgp must also be the last power supply switched off. 
2. Typical values are for Ta = 25°C and nominal supply voltages. 


3. The total power dissipation of the 2704/2708 is specified at 750 mW. It is not calculated by summing the various currents (Ipp, 
Icc, and Igp) multiplied by their respective voltages since current paths exist between the various power supplies and Vss. The 
Ipp. !cc, and Igp currents should be used to determine power supply capacity only. 


Typical D.C. Characteristics 


Igp CURRENT VS. TEMPERATURE Ipbp CURRENT VS. TEMPERATURE icc CURRENT VS. TEMPERATURE 


Pe ecnet 


mn 


0 0 
-60 -40 -20 0 20 40 60 80 100 120 -60 -40 -20 0 20 40 60 80 100 120 -60 -40 -20 0 20 40 60 80 100} 120 


Igg SUPPLY CURRENT (mA) 
Ipp SUPPLY CURRENT (mA) 


log SUPPLY CURRENT (mA) 
N > 
o o 


% re) Ty (°C) 7, (*e) 


A.C. Characteristics 


Ta =-55°C to 100°C, Voc = +5V +10%, Vpp = +12V 410%, Veg = -5V +10%, Vsg = OV, Unless Otherwis / 


Symbol Parameter 


tacc Address to Output Delay 


Chip Select to Output Delay 


ct 
‘iy 
+ | R | oO 


Address to Output Hold 


Chip De-Select to Output Float Se 


Capacitance!!! T, = 25°C, f = 1MHz 


Parameter 


‘Cin | Input i sts 


Note 1. This parameter is sampled and not 100% tested. 


Waveforms 


ADDRESS 


DATA 
OUT 


A.C. TEST CONDITIONS: 


Output Load: 1 TTL gate and C; = 100 pF 

Input Rise and Fall Times: <20 ns 

Timing Measurement Reference Levels: 0.8V and 
2.8V for inputs; 0.8V and 2.4V for outputs 

Input Pulse Levels: 0.65V to 3.0V 


ERASURE CHARACTERISTICS 


The erasure characteristics of the M2708 are such that 
erasure begins to occur when exposed to light with wave- 
lengths shorter than approximately 4000 Angstroms (A). It 
should be noted that sunlight and certain types of fluores- 
cent lamps have wavelengths in the 3000—4000A range. 
Data show that constant exposure to room level fluorescent 
lighting could erase the typical M2708 in approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the M2708 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
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Intel which should be placed over the M2708 window to 
prevent unintentional erasure. 


The recommended erasure procedure (see page 4-83) for 
the M2708 is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure should 
be a minimum of 15 W-sec/cm2. The erasure time with this 
dosage is approximately 15 to 20 minutes using an ultra- 
violet lamp with a 12000 uW/cm2 power rating. The M2708 
should be placed within 1 inch of the lamp tubes during 
erasure. Some lamps have a filter on their tubes which 
should be removed before erasure. 
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2716* 
16K (2K x 8) UV ERASABLE PROM 


= Fast Access Time = Pin Compatible to Intel® 5V ROMs 
— 350 ns Max. 2716-1 (2316E, 2332, and 2364) and 2732 
— 390 ns Max. 2716-2 EPROM 


— 450 ns Max. 2716 ;, , : ; 
a Simple Programming Requirements 


| Single Location Programming 
a Single +5V Power Supply Programs with One 50 ms Pulse 


a Inputs and Outputs TTL Compatible 


= Low Power Dissipation during Read and Program 


— 525 mW Max. Active Power 
— 132 mW Max. Standby Power = Completely Static 


The Intel® 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2716 
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program- 
ming. It makes designing with EPROMs faster, easier and more economical. For production quantities, the 2716 user can 
convert rapidly to Intel’s pin-for-pin compatible 16K ROM (the 2316E) or the new 32K and 64K ROMs (the 2332 and 2364 
respectively). 


The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with the newer high performance 
+5V microprocessors such as Intel’s 8085 and 8086. The 2716 is also the first EPROM with a static standby mode which 
reduces the power dissipation without increasing access time. The maximum active power dissipation is 525 mW while the 
maximum standby power dissipation is only 132 mW, a 75% savings. 


The 2716 has the simplest and fastest method yet devised for programming EPROMs — single pulse TTL level programming. 
No need for high voltage pulsing because all programming controls are handled by TTL signals. Now, it is possible to program 
on-board, in the system, in the field. Program any location at any time — either individually, sequentially or at random, with 
the 2716's single address location programming. Total programming time for all 16,384 bits is only 100 seconds. 


PIN CONFIGURATION* MODE SELECTION 
2716 2732" 


OUTPUTS 
(9-11, 13-17) 


. BLOCK DIAGRAM 
tRefer to 2732 DATA OUTPUTS 


Vcc o—————> 09-07 
data sheet for enpe —_—__——— 


specifications UP anne 


OUTPUT ENABLE 
CHIP ENABLE AND ars 


PROG LOGIC 
ena! 
H 


DECODER 
*Pin 18 and pin 20 have been renamed to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMs. The 


DECODER 
die, fabrication process, and specifications remain the same and are totally uneffected by this change. 


PIN NAMES 


OUTPUT BUFFERS 
Y-GATING 


16,384 BIT 
CELL MATRIX 


ADDRESSES 
CHIP ENABLE/PROGRAM Ag-A 


10 
OUTPUT ENABLE ADDRESS 
Oy-0, OUTPUTS INPUTS 
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PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming Insutrctions on Page 4-83. 


Absolute Maximum Ratings* 


Temperature Under Bias............. -10°C to +80°C *COMMENT: Stresses above those listed under ‘Absolute Maxi- 

Storage Temperature.............. -65°C to +125°C mum Ratings’’ may cause permanent damage to the device. This is a 

All Input or Output Voltages with stress te oe eae arta eR te device at ioe or 

any other conditions above those indicated in the operational sec- 

Respect to Ground Aa ee at +6V to -0.3V tions of this specification is not implied. ante to absolute 

Vpp Supply Voltage with Respect maximum rating conditions for extended periods may affect device 
to Ground During Program ........ +26.5V to -0.3V reliability. 


DC and AC Operating Conditions During Read 


READ OPERATION 
| Limits Unit Conditions 
[Fam 


D.C. and Operating Characteristics 
10 Vin = 5.25V 
5 


Vout = 5.25V 


ae 
feo [Ove cone 


[Min 
_ Ey 
a ES 
—_ | mA 
Ltoosl@l | VooGurrent (standby) ||| ee 
| 
Ea 
| 20 
a 
Lv | 


lou = -400 vA 


2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of I|¢c¢ and I pp}. 


NOTES: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 


3. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vcc in read to 25V for program- 
ming. 

4. Typical values are for Ta = 25°C and nominal supply voltages. 

5. This parameter is only sampled and is not 100% tested. 


Typical Characteristics 


Icc CURRENT ACCESS TIME ACCESS TIME 
vs. vs. vs. 
TEMPERATURE CAPACITANCE TEMPERATURE 


Icc2 ACTIVE CURRENT 
CE=ViL 
<q Vec=5V = - 
; | z E 
-— oO ~— 
oO 
o oO 
oO 
; PLE LE LEE ; 
Icc1 iy CURRENT 
CE=Vin 
Vcc=5V 
) 10 20 30 40 50 60 #70 80 0 100 200 300 400 500 600 700 800 
TEMPERATURE ( C) CL (pF) TEMPERATURE (°C) 
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A.C. Characteristics 


| 2746 Limits Limits 2716-1 Limits 
Symbol Parameter iin typ!) tax [4] 
win typ!4l Max Max |Min Typ Max 


tet 
P= fe 
how = 


Test 
Conditions 


2716-2 Limits 


Unit 


Output Enable High to Output Float | 0 100 | o 100 
Address to Output Hold 


CE= Vi, 
CE=OE= 


= 
=) 
o 
= 
=) 
oc 
a 


Capacitance ™ Ta =25°C, f= 1MHz A.C. Test Conditions: 


fen [erconaenee [4 [6 [oF [vnnov 
[Gaur [unwccaacians || 2 | oF [Vour= OV 


Output Load: 1 TTL gate and C; = 100 pF 
Input Rise and Fall Times: <20 ns 
Input Pulse Levels: 0.8V to 2.2V 
Timing Measurement Reference Level: 
Inputs 1V and 2V 
Outputs 0.8V and 2V 


A. C. Waveforms (1) 


e e e 
ADDRESSES { a ga 
@ e@ e 
CE 
 ] e e 
tce 
OE 
e e ® 
[6] 
toe 
[6] [7] 
tacc 


HIGH Z 


OUTPUT ebalee LLL VALID OUTPUT 
AANA 


NOTE: 1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Icc and Ipp4. 
3. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vcc in read to 25V for pro- 

gramming. 

. Typical values are for Ta = 25°C and nominal supply voltages. 

. This parameter is only sampled and is not 100% tested. 

OE may be delayed up to tacc — tOE after the falling edge of CE without impact on tacc. 

. tor is specified from OE or at whichever occurs first. 


NOOSA 
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TYPICAL 16K EPROM SYSTEM 


= 
=) 
oc 
= 
=) 
a 
oO 


e This scheme accomplished by using CE (PD) as the primary decode. OE (CS) is now controlled by previously unused 
signal. RD now controls data on and off the bus by way of OE. 


e Aselected 2716 is available for systems which require CE access of less than 450 ns for decode network operation. 
e The use of a PROM as a decoder allows for: 

a) ALE is required for Edge Enabled devices (32K and 64K), and is optional for 2716. 

b) Compatibility with upward (and downward) memory expansion. 


c) Easy assignment of ROM memory modules, compatible with PL/M modular software concepts. 


8K, 16K, 32K, 64K 5V EPROM/ROM FAMILY 
PRINTED CIRCUIT BOARD LAYOUT 


eocoe 00000 
oats 1 Oo 010203 CE, O04 O5 Og O7 CE2 
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ERASURE CHARACTERISTICS 


The erasure characteristics of the 2716 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000—4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2716 in approximately 3 
years, while it would take approximatley 1 week to cause 
erasure when exposed to direct sunlight. If the 2716 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
Intel which should be placed over the 2716 window to 
prevent unintentional erasure. 


The recommended erasure procedure (see Data Catalog 
page 4-83) for the 2716 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 Angstroms (A). The 
integrated dose (i.e., UV intensity X exposure time) for 
erasure should be a minimum of 15 W-sec/cm2. The erasure 
time with this dosage is approximately 15 to 20 minutes 
using an ultraviolet lamp with a 12000 uW/cm2 power 
rating. The 2716 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. 


DEVICE OPERATION 


The five modes of operation of the 2716 are listed in Table 
|. It should be noted that all inputs for the five modesare at 
TTL levels. The power supplies required are a +5V Vcc and 
a Vpp. The Vpp power supply must be at 25V during the 
three programming modes, and must be at 5V in the other 
two modes. 


TABLE |. MODE SELECTION 


CE/PGM Vpp | Vcc | OUTPUTS 
(18) (21) | (24) | (9-11, 13-17) 
ov | 


pov | 8 | es | our _| 
rs 
Prowen | Riwavic ovr [Vn [728 [3] On] 
Frown vey [vi | |_| 


READ MODE 


The 2716 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 


pins, independent of device selection. Assuming that 
addresses are stable, address access time (tacc) is equal to 


the delay from CE to output (tce). Data is available at 
the outputs 120 ns (tog) after the falling edge of OE, 
assuming that CE has been low and addresses have been 
stable for at least tacc — toe. 


STANDBY MODE 


The 2716 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2716 is placed in the standby mode by applying a TTL high 
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signal to the CE input. When in standby mode, the le outputs 
are in a high impedence state, independent of the OE input. 


OUTPUT DESELECTION 


The outputs of two or more 2716s may be OR-tied toge- 
ther on the same data bus. Only one 2716 should have its 
output selected (OE low) to prevent data bus contention 
between 2716s in this configuration. The outputs of the 
other 2716s should be deselected by raising the OE input 
to a TTL high level. 


PROGRAMMING 


Initially, and after each erasure, all bits of the 2716 are in 
the ‘’1’’ state. Data is introduced by selectively program- 
ming ‘‘0’s’’ into the desired bit locations. Although only 
“0’s’’ will be programmed, both ‘’1’s’’ and ‘’0’s’’ can be 
presented in the data word. The only way to change a ‘’0” 
to a ‘’1"’ is by ultraviolet light erasure. 


The 2716 is in the programming mode when the Vpp power 
supply is at 25V and OE is at Viy. The data to be pro- 
grammed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 


When the address and data are stable, a 50 msec, active 
high, TTL program pulse is applied to the CE/PGM input. 
A program pulse must be applied at each address location 
to be programmed. You can program any location at any 
time — either individually, sequentially, or at random. 
The program pulse has a maximum width of 55 msec. The 
2716 must not be programmed with a DC signal applied to 
the CE/PGM input. 


Programming of multiple 2716s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral- 
leled 2716s may be connected together when they are pro- 
grammed with the same data. A high level TTL pulse 
applied to the CE/PGM input programs the paralleled 
2716s. 


PROGRAM INHIBIT 


Programming of multiple 2716s in parallel with different 
data is also easily accomplished. Except for CE/PGM, all 
like inputs (including OE) of the parallel 2716s may be 
common. A TTL level program pulse applied to a 2716's 
CE/PGM input with Vpp at 25V will program that 2716. 
A low level CE/PGM input inhibits the other 2716 from 
being programmed. 


PROGRAM VERIFY 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed wth Vpp at 25V. Except during pro- 
gramming and program verify, Vpp must be at 5V. 


intel 


M2716 ; 
16K (2K x 8) UV ERASABLE PROM -» 


ew -55°C to + 125°C Operation a Static Power-Down Mode | 
a Single +5V Power Supply = Pin Compatible to Intel® M2316E ROM 
= Single Programming Requirements = +10% Power Supply Tolerance | 


— Single Location Programming = Inputs and Outputs TTL Compatible 


— Programs with One 50 ms Pulse during Read and Program 


The Intel® M2716 is a 16,384-bit ultraviolet erasable and electrically programmable read only memory (EPROM) 
specified over the —55°C to 125°C temperature range. The M2716 operates from a single +5V power supply, has a static 
power-down mode, and features fast, single-address location programming. It makes designing with EPROMs faster, 
easier and more economical. For production quantities, the M2716 user can convert rapidly to Intel’s pin-for-pin com- 
patible 16K ROM — the M2316E. 


The M2716 has a static power-down mode which reduces the power dissipation without increasing access time. The 
active power dissipation is reduced by over 60% in the standby power mode. 


The M2716 has the simplest and fastest method devised yet for programming EPROMs — single pulse TTL level pro- 
gramming. No need for high voltage pulsing because all programming controls are handled by TTL signals. Now it is 
possible to program on-board, in the system, in the field. Program any location at any time — either individually, 
sequentially or at random, with the M2716’s single-address location programming. Total programming time for all 
16,384 bits is only 100 seconds. 


PIN CONFIGURATION SIE Seb OM 


OUTPUTS 
(9-11, 13-17) 


Standby 


Program 


Program Verify 


Program Inhibit 


BLOCK DIAGRAM 


DATA OUTPUTS 
Vcc o——————> 00-07 


OUTPUT BUFFERS 
Y-GATING 


OUTPUT ENABLE 
CHIP ENABLE AND }—+ 
PROG LOGIC 


Y 
DECODER 


x 
DECODER 


PIN NAMES 


Ag—Ag ADDRESSES 


CE/PGM CHIP ENABLE/PROGRAM Ao-A10 
OE OUTPUT ENABLE ADDRESS 

INPUTS 
O,-9, OUTPUTS 8192-BIT 


CELL MATRIX 
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intel 
2732 | 
32K (4K x 8) UV ERASABLE PROM 


a Single +5V +10% Power Supply = Pin Compatible to Intel® 2332 ROM 


= Simple Programming Requirements 
— Single Location Programming 
— Programs with One 50 ms Pulse 


= Low Power Mode =» MCS-80 and MCS-85 Compatible 


Inputs and Outputs TTL Compatible 
during Read and Program 


The Intel® 2732 is a 32,768-bit ultraviolet erasable and electrically programmable read only memory (EPROM). The 2732 
operates from a single +5V power supply, has a low power mode, and features fast, single-address location pro- 
gramming. It makes designing with EPROMs faster, easier and more economical. For production quantities, the 2732 
user Can convert rapidly to Intel’s pin-for-pin compatible 32K ROM — the 2332. 


The 2732 has the simplest and fastest method devised for programming EPROMs — single pulse TTL level program- 
ming. No need for high voltage pulsing because all programming controls are handled by TTL signals. It is possible to 
program on-board, in the system, in the field. Program any location at any time — either individually or sequentially or 
at random, with the 2732’s single-address location programming. Total programming time for all 32,768 bits is only 200 
seconds. 


PIN CONFIGURATION BLOCK DIAGRAM 


DATA OUTPUTS 
Voc o> 00-07 


Y-GATING 


Y 
DECODER 


os 
aS 
x 32,768-BIT 
DECODER CELL MATRIX 


PIN NAMES 
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In 
2758* 
8K (1K x 8) UV ERASABLE LOW POWER PROM 


= Single +5V Power Supply =» Fast Access Time: 450 ns Max. in 
Active and Standby Power Modes 
= Simple Programming Requirements 


Single Location Programming = Inputs and Outputs TTL Compatible 
Programs with One 50 ms Pulse during Read and Program = 

= Low Power Dissipation = Completely Static S 
525 mW Max. Active Power - 
132 mW Max. Standby Power a Three-State Outputs for OR-Ties 


The Intel® 2758 is a 8192-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). The 2758 
operates from a single 5-volt power supply, has a static standby mode, and features fast single address location program- 
ming. It makes designing with EPROMs faster, easier and more economical. The total programming time for all 8192 bits 
is 50 seconds. 

The 2758 has a static standby mode which reduces the power dissipation without increasing access time. The maximum 
active power dissipation is 525 mW, while the maximum standby power dissipation is only 132 mW, a 75% savings. Power- 
down is achieved by applying a TTL-high signal to the CE input. 

A 2758 system may be designed for total upwards compatibility with Intel’s 16K 2716 EPROM (see Applications Note 30). 
The 2758 maintains the simplest and fastest method yet devised for programming EPROMs — single pulse TTL-level pro- 
gramming. There is no need for high voltage pulsing because all programming controls are handled by TTL signals. Now it is 
possible to program on-board, in the system, in the field. Program any location at any time — either individually, sequentially, 
or at random, with the single address location programming. 


PIN CONFIGURATION* MODE SELECTION 


CE/PGM Vpep |Vcc | OUTPUTS 
(18) (21) | (24) | (9-11, 13-17) 


Care 


BLOCK DIAGRAM 


DATA OUTPUTS 
Vcc O————> 00-07 


PIN NAMES —_—--—. 


OUTPUT BUFFERS 


ADDRESSES 


[ Ao-Ag | 
= 7 
CE/PGM | CHIP ENABLE/PROGRAM OE 
| OE OUTPUT ENABLE | CE/PGM 
O,-0, OUTPUTS | 


SELECT REFERENCE 


OUTPUT ENABLE 
CHIP ENABLE AND b}—» 
PROG LOGIC 


AR 


PUT LEVEL Y 
INPUT L senetEn 8. Y-GATING 
Ap-Ag |! 
ADDRESS —- 
INPUTS 
> 4 8192-BIT 
DECODER CELL MATRIX 
AR 


*Pin 18 and pin 20 have been renamed to conform with the entire family of 16K, 32K, and 64K EPROMs and ROMs. The 
die, fabrication process, and specifications remain the same and are totally uneffected by this change. 
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PROGRAMMING 
The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions on page 4-83. 


Absolute Maximum Ratings* 


Temperature Under Bias............. ~10°C to +80°C *COMMENT: Stresses above those listed under “Absolute Maxi- 
Storage Temperature.............. -65°C to +125°C mum Ratings’’ may cause permanent damage to the device. This is a 
All Input or Output Voltages with stress rating only and functional operation of the device at these or 

any other conditions above those indicated in the operational sec- 


Respect to Ground he pe wae<eenese +6V to -0.3V tions of this specification is not implied. Exposure to absolute 
Vpp Supply Voltage with Respect maximum rating conditions for extended periods may affect device 
to Ground During Programming. .... +26.5V to -0.3V reliability. 


READ OPERATION 
D.C. and Operating Characteristics 


Ta =0°C to 70°C, Vec!'-2] = +5V +5%, Vpp!l2] = Vee +0.6V 13! 


. 
Symbol Parameter Unit Conditions 


Ta [omic de | | ve 
Tio | Output Leakage Covert ff | A [Voor 825V 
Pines [Vee Gurent Tf) [Ve BBV 
Ftcci@ | Vee Curent (Snap | «| 10 «| 28 | mA [CR-V OE=Vu 

loceg!2] | Vee Current (Active) AA BE 100 mA | OE=CE= 
Select Reference Input Level F-01] | 0. 

Input Low Voltage 

Vin | toon vomowe | OT Meet 
a 


NOTES: 1. Vec must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Icc and Ipp}.. 
3. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vcc in read to 25V for programming, 
4. Typical values are for Ta = 25°C and nominal supply voltages. 

5. Apr is a reference voltage level which requires an input current of only 10 vA. The 2758 S1865 is also available which has a referenc 


voltage level of Vj} instead of Vj, . 


Typical Characteristics 


icc CURRENT ACCESS TIME ACCESS TIME 
vs. vs. vs. 
TEMPERATURE CAPACITANCE TEMPERATURE 
loca ACTIVE CURRENT 
CE=ViL 
g Vcc = 5V z z 
oO 
g £ g 
) 0 100 200 300 400 500 600 700 800 0 110 20 30 40 50 60 70 80 
TEMPERATURE (°C) CL (pF) TEMPERATURE (°C) 
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A.C. Characteristics 

Ta =0°C to 70°C, Vec!] = +5V +5%, Vppl2] = Vee +0.6V 3! 

Symbol P = U Test Cond 
ymbo arameter [min | Typ.l47 nit est Conditions 


ores Ta = 25°C, f= 1MHz A.C. Test Conditions: 


Output Load: 1 TTL gate and C; = 100 pF 
Input Rise and Fall Times: <20 ns 

Input Pulse Levels: 0.8V to 2.2V 

= Timing Measurement Reference Level: 


NOTE: Please refer to page 2 for notes. Inputs 1V and 2V 
Outputs 0.8V and 2V 


A.C. Waveforms |®! 


e e e 
ADDRESSES (| ee 
e e @ 
CE 
@ t e 
t 
(450 MAX.) 
OE 
e e e 
[7] 
toe 
(120 MAX.) [8] 
tDF 
[7] (100 MAX.) 
tacc 
(450 MAX.) 


HIGH Z 


OUTPUT —— LLL 
NANNY 


NOTES: 


VALID OUTPUT 


Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Icc¢ and !ppq. 

. The tolerance of 0.6V allows the use of a driver circuit for switching the Vpp supply pin from Vcc in read to 25V for programming. 
. Typical values are for Ta = 25°C and nominal supply voltages. 

. This parameter is only sampled and is not 100% tested. 

. All times shown in parentheses are minimum times and are nsec unless otherwise specified. 

. OE may be delayed up to 330ns after the falling edge of CE without impact on tacc: 

. tor is specified from OE or CE, whichever occurs first. 


ONYAMHM PWN = 
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ERASURE CHARACTERISTICS 


The erasure characteristics of the 2758 are such that erasure 
begins to occur when exposed to light with wavelengths 
shorter than approximately 4000 Angstroms (A). It should 
be noted that sunlight and certain types of fluorescent 
lamps have wavelengths in the 3000—4000A range. Data 
show that constant exposure to room level fluorescent 
lighting could erase the typical 2758 in approximately 3 
years, while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 2758 is to 
be exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels are available from 
Intel which should be placed over the 2758 window to 
prevent unintentional erasure. 


The recommended erasure procedure (see Data Catalog 
page 4-83) for the 2758 is exposure to shortwave ultraviolet 
light which has a wavelength of 2537 Angstroms (A). The 
integrated does (i.e., UV intensity X exposure time) for 
erasure should be a minimum of 15 W-sec/cm2. The erasure 
time with this dosage is approximately 15 to 20 minutes 
using an ultraviolet lamp with 12,000 uW/cm2 power 
rating. The 2758 should be placed within 1 inch of the 
lamp tubes during erasure. Some lamps have a filter on their 
tubes which should be removed before erasure. 


DEVICE OPERATION 


The five modes of operation of the 2758 are listed in Table 
1. It should be noted that all inputs for the five modes are 
at TTL levels. The power supplied required are a+5V Vcc 
and a Vpp. The Vpp power supply must be at 25V during 
the two programming modes, and must be at 5V in the 
other three modes. In all operational modes, Am must be 
at Vj, (except for the 2758 $1865 which has Ap at Vj). 


TABLE !. MODE SELECTION 


CE/PGM Vep | Vee 
(18) (21) | (24) 


Cee CE 
cate 


| Program | Program | Pulsed Vit to Vin | +5 | 
ey oe 


READ MODE 


OUTPUTS 
(9-11, 13-17) 


The 2758 has two control functions, both of which must be 
logically satisfied in order to obtain data at the outputs. 
Chip Enable (CE) is the power control and should be used 
for device selection. Output Enable (OE) is the output 
control and should be used to gate data to the output 
pins, independent of device selection. Assuming that 
addresses are stable, address access time (tacc) is equal to 
the delay from CE to output (tcge). Data is available at 
the outputs 120 ns (tog) after the falling edge of OE, 
assuming that CE has been low and addresses have been 
stable for at least tacc — tog. 
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STANDBY MODE 


The 2758 has a standby mode which reduces the active 
power dissipation by 75%, from 525 mW to 132 mW. The 
2758 is placed in the standby mode by applying a TTL high 
signal to CE input. When in standby mode, the outputs 
are in a high impedence state, independent of the OE input. 


OUTPUT DESELECTION 


The outputs of two or more 2758s may be OR-tied toge- 
ther on the same data bus. Only one 2758 should have its 
output selected (OE low) to prevent data bus contention 
between 2758s in this configuration. The outputs of the 
other 2758s should be deselected by raising the OE input 
to a TTL high level. 


PROGRAMMING 


Initially, and after each erasure, all bits of the 2758 are in 
the ''1’’ state. Data is introduced by selectively program- 
ming ‘’0’s’’ into the desired bit locations. Although only 
0’s’’ will be programmed, both ’’1’s’’ and ‘’0’s’’ can be 
presented in the data word. The only way to change a ‘’0”’ 
toa‘’1’’ is by ultraviolet light erasure. 


The 2758 is in the programming mode when the Vpp 
power supply is at 25V and OE is at Vjy. The data to be 
programmed is applied 8 bits in parallel to the data output 
pins. The levels required for the address and data inputs are 
TTL. 


When the address and data are stable, a 50 msec, 
active high, TTL program pulse is applied to the CE/PGM 
input. A program pulse must be applied at each address 
location to be programmed. You can program any location 
at any time — either individually, sequentially, or at ran- 
dom. The program pulse has a maximum width of 55 msec. 


The 2758 must be programmed with a DC signal applied 
to the CE/PGM input. 


Programming of multiple 2758s in parallel with the same 
data can be easily accomplished due to the simplicity of 
the programming requirements. Like inputs of the paral- 
lelled 2758s may be connected together when they are 
programmed with the same data. A high level TTL pulse 
applied to the CE/PGM input programs the paralleled 
2758s. 


PROGRAM INHIBIT 


Programming of multiple 2758s in parallel with different 
data is also easily accomplished. Except for CE/PGM, all 
like inputs(including OE) of the parallel 2758s may be 
common. A TTL level program pulse applied to a 2758's 
CE/PGM input with Vpp at 25V will program that 2758. 
A low level CE/PGM input inhibits the other 2758 from 
being programmed. 


PROGRAM VERIFY 


A verify should be performed on the programmed bits to 
determine that they were correctly programmed. The verify 
may be performed with Vpp at 25V. Except during pro- 
gramming and program verify, Vpp must be at 5V. 


intel 
3602A, 3622A FAMILY 
2K (512 x 4) HIGH-SPEED PROM 


3602A-2 
3622A-2 


3602A 
3622A 


= 
=) 
oa 
= 
=) 
a 
a 


» Low Power Dissipation » Replaces Two 256x4 PROMs 
--0.3mW/Bit Without Increasing Board 

= Open Collector (3602A) Area 
or Three State (3622A) 


= Polycrystalline Silicon Fuse 


Outputs For Higher Reliability 


» Simple Memory Expansion-- 
Chip Select Input Lead # Hermetic 16-Pin DIP 


The Intel® 3602A/3622A are 2048-bit bipolar PROMs organized as 512 words by 4 bits. The fast second generation 3602A/ 
3622A replaces its Intel predecessor, the 3602/3622. A higher speed version, the 3602A-2/3622A-2, is now available at 60 ns. 
All 3602A/3622A specifications, except programming, are the same as the 3602/3622. Once programmed, the 3602A/3622A 
are interchangeable with the 3602/3622. 


The PROMs are manufactured with all outputs initially logically high. Logic low levels can be electrically programmed in 
selected bit locations. Both open collector and three-state outputs are available. The power dissipation is typically 0.2 mW/bit. 


The pin configuration of the PROMs is the same as the popular 1K bit, 256 X 4 PROMs with the exception that CS»5 (pin 14) 
is address Ag. The bit density of existing 256 X 4 PROM systems can be easily doubled without an increase in area with the 
3602A/3622A. These PROMs like the 256 X 4 PROMs, are in 16-pin dual in-line package. 


PIN CONFIGURATION LOGIC SYMBOL 


?) 
” 


A 

A.| 2 i5f ja, 9 O, 
A, 

A,| 43 14, Ja és ri 
A,L_]4 13f  |cs A. 

Ay | os 12[_Jo, (vse) A, G, 
Ay 
A 6 rh O 5 

7 = 7 . 
a,[L_]? 10f jo, ‘ 
GND| [8 9f__]o, imsB) A, 
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3602A, 3622A FAMILY 


PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions on page 4-89. 


Absolute Maximum Ratings* 


Temperature Under Bias ........... -65°C to +125°C *COMMENT 

° 
Storage Temperature ............. -65°C to +160°C Stresses above those listed under ‘‘Absolute Maximum 
Output or Supply Voltages ......... -0.5V to 7 Volts Rating’ may cause permanent damage to the device. This 
All Input Voltages ..........-..--.-. -1.6V to 5.6V is a stress rating only and functional operation of the device 
Output Currents ......-.--2 0-02 ee eee ee 100mA at these or at any other condition above those indicated in 


the operational sections of this specification is not implied. 


D. C. Characteristics: aii Limits Apply for Voc= +5.0V +5%, Ta= 0°C to +75°C 


| lea | Address Input Load Current mA | Voc = 5.25V, Va = 0.45V 
| Ips | __ Chip Select Input Load Current | -0.05 | -0.25 | mA | Vec =5.25V, Vs = 0.45V 
IRA Address Input Leakage Current Voc = 5.25V, Va = 5.25V 


Limits 


Chip Select Input Leakage LA Vec = 5.25V, Vs = 5.25V 
Current 


lFs 
Vea Address Input Clamp Voltage | -15 | ve | Vec = 4.75V, la = -10mA 
Ves Chip Select Input Clamp V Vec = 4.75V, ls = -10MA 
Voltage 
Output Leakage Current Vec = 5.25V, Vege = 5.25V 


Tver | Getour Low vorage 
— =5 
Kl Kocaeli BR 
CS = OV 
X = 
V 


5 } 


Vec = 4.75V, lot = 15mA 


Input “High” Voltage 


3622A, 3622A-2 ONLY 


Output Leakage for High Vo=5.25V or 0.45V, 
Impedance Stage Voc =5.25V, CS=2.4V 


Output Short Circuit Current -2 -70 


VoH Output High Voltage 2.4 


NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3602A, 3622A FAMILY 


A. C. Characteristics vo. - +5v +5%, T, = 0°C to +75°C 


Chip | Chip Select to Output Delay _ to | Chip Select to Output Delay _ Delay 


Capacitance '''1, = 25°c, f= 1. MHz 


SYMBOL 
Cina Address Input Capacitance 


Cins Chip-Select Input Capacitance 


MAX. LIMIT 
SYMBOL PARAMETER 3602A-2 3602A UNIT CONDITIONS 
3622A-2 3622A 


t ta —— 

een Address to Output Delay 

ta+—, ta—+ 

Chip Select to Output Delay te 


Pe fo = Vj, to Select the 
PROM 


TEST CONDITIONS 


Veo = BV Viy= 2.5 


Vec = 5V Vin = 2.5V 


NOTE 1: This parameter is only periodically sampied and is not 100% tested. 

Switching Characteristics 

Conditions of Test: 15 mA TEST LOAD Vcc 

Input pulse amplitudes - 2.5V 

Input pulse rise and fall times of 30022 
5 nanoseconds between 1 volt and 2 volts 

Speed measurements are made at 1.5 voit levels 30pF 6002 


Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz 


Waveforms 


ADDRESS TO OUTPUT DELAY 


ADDRESS 
INPUT 1.5V 1.5V 
| 


OUTPUT 


OUTPUT 


tay — . 


CHIP SELECT TO-OUTPUT DELAY 


OUTPUT 
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intel 
3604A, 3624A FAMILY 
4K (512 x 8) HIGH-SPEED PROM 


3604A-2 3604A 
3624A-2 3624A edie 


: "Standby Current When The Chip is Deselected. 
e » Fast Access Time = Four Chip Select Inputs 
--6O0ns Max (3604A-2, 3624A-2) For Easy Memory 
= Low Standby Power Dissipation Expansion 
4AL) -- 
eeUean, en ponerse ian = Polycrystalline Silicon Fuse 
# Open Collector (3604A) For Higher Reliability 
or Three State (3624A) 
Outputs =» Hermetic 24 Pin DIP 


The Intel® 3604A/3624A are 4096-bit bipolar PROMs organized as 512 words by 8 bits. The fast second generation 
3604A/3624A replaces its Intel predecessor, the 3604/3624. Higher speed PROMs, the 3604A-2/3624A-2, are now avail- 
able at 60 ns. All 3604A/3624A specifications, except programming, are the same as or better than the 3604/3624. Once 
programmed, the 3604A/3624A are interchangeable with the 3604/3624 


The PROMs are manufactured with all outputs initially logically high. Logic low levels can be electrically programmed 
in selected bit locations. Both open collector and three-state outputs are available. Low standby power dissipation can 
be achieved with the 3604AL. The standby power dissipation is approximately 20% of the active power dissipation. 


The 3604A/3624A are available in a hermetic 24-pin dual in-line package. These PROMs are manufactured with the 
time-proven polycrystalline silicon fuse technology. 


Mode/Pin Connection Pin 22 Pin 24 | PIN NAMES 
: Wn, Deal 
3604A, 3604A-2 | 
3624A. 3624A.2 No Connect or 5V 5V Ao—Ag ADDRESS INPUTS 
-——— t = 
3604AL +5V | Must be Left Open CS CS2 CHIP SELECT Reniuee 
PROGRAM: 3604A, 3604A-2 | ds delet -* ia CS3—CS4 |] 

3624A, 3624A-2 seach | mes oe DATA OUTPUTS 
3604AL Pulsed 12.5V Pulsed 12.5V — = 

bea ie [1] To select the PROM CS, = CS2=0 


b 4 
| STANDBY: 3604AL Power dissipation is automatically 
reduced whenever the 3604AL and CS3 7 CS4 aa 
is deselected. | 


PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL 


OaATA OUT! OATA OUTS 


Veo 
Ag iMSB) cS, 
cs,— OUTPUT 
a cy BUFFERS 
cs. 
’ 


4006 BIT 
PROM MATRIX 


(612 X 8) 


DECODER 
INPUT 
ORIVERS 


a 'MSB) 


FPPF PPS F SHR 


Ao Ay As 
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3604A, 3624A FAMILY 


PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions on page 4-89. 


Absolute Maximum Ratings* 


Temperature Under Bias ........... -65°C to +125°C *COMMENT 

fe} o) 
Storage Temperature ............. -65 C to +160 C Stresses above those listed under “Absolute Maximum 
Output or Supply Voltages ......... -0.5V to 7 Volts Rating’’ may cause permanent damage to the device. This 
All Input Voltages .................. 1.6 to 5.5V is a stress rating only and functional operation of the device 
Output Currents ............. 0.02 eee, 100mA at these or at any other condition above those indicated in 


the operational sections of this specification is not implied. 


D. C. Characteristics: aii Limits Apply for Voc= +5.0V +5%, Ta= O°C to +75°C 


Address Input Load Current Vcc = 5.25V, Va = 0.45V 


Chip Select Input Load Current Vcc = 5.25V, Vs = 0.45V 


Address Input Leakage Current 
Voc = 5.25V, Vs = 5.25V 


— uA | 
Chip Select Input Leakage 7 i ~ Nee 
0.9 | -15 | V_ | Vcc=4.75V,Iq=-10mA 


Current 


Address Input Clamp Voltage 


Ves Chip Select Input Clamp 
Voltage 
OL 


_ 
"Vor Output Low Verge =| 
_ 


Vec = 4,75V Is =-10mA 


roas [Vv | Veo=475V,lg.= tema 


Output Leakage Current Vcc = 5.25V, Veg = 5.25V 


lect Power Supply Current (3604A, 
3604A-2, 3624A, and 3624A-2) 
lec Power Supply Current (3604AL) 
Active 100 130 mA 


Input ““Low”’ Voltage ff 085 | ov | Vec = 5.0V 


V 


3624A FAMILY ONLY 


Vcc2 = 5.25V, Veci = Open 
CS, = CS> = 0.45V, CS3 = CS4 = 2.4V 
CS, = CS = 2.5V 


Symbol Parameter Typ. [1] Max. Test Conditions 


lo | Output Leakage for High 100 LA Vo =5.25V or 0.45V, 
Impedance Stage Veco =5.25V,CS,=CS=2.4V 
-20 | -25 -70 mA 
2.4 


_ [2] ae 
Isc Output Short Circuit Current Vo = OV, Voc = 4.75V 


VOH Output High Voltage lon =-2.4mA, Voc = 4.75V 


NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3604A, 3624A FAMILY 


A. C. Characteristics vc = +5v +5%, Ta = 0°C to +75°C 


MAXIMUM LIMIT 
SYMBOL PARAMETER : | MAXIMUM LIMITS (ns) UNIT 
ae 2 | 3604A 
a 2 | 36240 | 2004AL 


TEST CONDITIONS 


jos | re = CSo = Vi, 
and CS3 = CS, = Vin 
to Select the PROM 


ta+4, t Rows 


Address to Output Delay 


ta+- lam 


Capacitance "1, = 25°c, f= 1MHz 


SYMBOL PARAMETER 
es 


Address Input Capacitance 


10 | 
S Chip-Select Input Capacitance os = = 2, 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


Cin 


Switching Characteristics 


Conditions of Test: 15 mA TEST LOAD Vec 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 30022 


5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 voit levels 


30pF 6002 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz = 
Waveforms 
ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 
ADDRESS 
INPUT 1.5V 1.5V ,, es. 1.5V 1.5V 
OUTPUT 1.5V 1.5V CS,,CS, -1,.5V -1.5V 
ta++ Ces “| 
1.5V 1.5V 
| a ts++ — 
tay — ta_+ —_ 


intel M3604A, M3624A 
4K (512 x 8) HIGH-SPEED PROM 


=» Military Temperature Range = Four Chip Select Inputs 


—55°C to +125°C For Easy Memory Expansion 
=» Fast Access Time—90Onsec = Polycrystalline Silicon Fuse 
Maximum For Higher Reliability 
= Open Collector (M3604A) = Standard Packaging—24Pin 
or Three-State (M3624A) Hermetic Dual In-Line 
Outputs Lead Configuration 


= 
=) 
o 
= 
=) 
cc 
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The M3604A and M3624A are military temperature range PROMs organized as 512 words by 8 bits. They are manufac- 
tured with all outputs high and logic output low levels can be electrically programmed in selected bit locations. The 
M3604A and M3624A, except for programming, have the same electrical specifications and are direct replacements to 
their predecessors, the M3604 and M3624. 


PIN CONFIGURATION LOGIC SYMBOL Absolute Maximum Ratings* 


Temperature Under Bias........... -65°C to +135 C 


sae ; a Storage Temperature ............. -65°C to +160°C 
cs, Output or Supply Voltages ......... -0.5V to 7 Volts 
cS All Input Voltages .................. -1.6V to 5.6V 
7 Output Currents .........20.....0.. 0004. 100mA 
is *COMMENT 


> 
“ 


mse) 


Stresses above those listed under ‘‘Absolute Maximum 
Rating’’ may cause permanent damage to the device. This 
is a stress rating anly and functional operation of the device 
at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 


D.C. Characteristics v., = +5.0V 10%, T, = —55°C to +125°C 


Symbol 
IFA 


a 2 


P 


Parameter Min. | Typ.l1) | Max. | Unit | Test Conditions 


Address Input Load Current -0.25 | mA | Voc= Max, Va=0.45V 


| Ips __| Chip Select Input Load Current -0.05 | -0.25 | mA | Vec= Max, Vs=0.45V 
Address Input Leakage Current 40 MA Vec= Max, Va= Max 


IRs Chip Select Input Leakage Vec= Max, Vs= Max 
Current 

Vea Address Input Clamp Voltage 

Ves Chip Select Input Clamp 
Voltage 


Output Low Voltage 
Output Leakage Current 


Power Supply Current (M3604A) 
ViL 


Input “Low” Voltage 0.8 V Vec= 5.0V, Ta=25°C 
Input ‘‘High’’ Voltage 2.0 | V Vec= 5.0V, Ta =25°C 
M3624A ONLY 


[srmbot | _Peameter ‘| Mn | Tp 
Output Leakage for High 100 LA 
Impedance Stage 
Ic [2] Output Short Circuit Current -25 ball 


Output High Voltage 2.4 a 


NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 4-61 


Vo= Max or 0.45V, 
Vec= Max, CS;=CS5=2.4V 
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M3604A, M3624A 


A. C. Characteristics v,,. = +5.0v +10%, T, = —55°C to +125°C 


LIMITS 
SYMBOL PARAMETER [1] UNIT CONDITIONS 
TYP, MAX. 
ta++, ta—— Address to Output Delay CS, = CS. =Vi_ and 
Usuy hand CS3 = CS4 = Vip to 


Capacitance’ r, - 25°c, f= 1 MHz 


LIMITS | 
SYMBOL PARAMETER eagerness UNIT TEST CONDITIONS 


TYP. | MAX, | | 


Address Input Capacitance 


Chip-Select Input Capacitance 


Output Capacitance 


NOTES: 1. Typical values are at 25°C and nominal voltage. 
2. This parameter is only periodically sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test: 10 mA TEST LOAD 16C 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 4702 


5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 


30pF 100022 
Output loading is 10 mA and 30 pF 
Frequency of test - 2.5 MHz = 
Waveforms 
ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


ADDRESS 
INPUT 1.5V 1.5V CS,,CS, 1.5V 1.5V 


OUTPUT 


ts] ts++ — 


OUTPUT 


Ate ta + = 
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intel 
3605, 3625 
4K (1K x 4) PROM 


T3605, 9625 | 70 ne Max. 


# Fast Access Time: 45ns # Open Collector (3605) and 
Typically Three-State(3625) Outputs 


" Low Power Dissipation: 
0.14mW/Bit Typically 


= Simple Memory Expansion 
Two Chip Select Inputs = Hermetic 18 Pin DIP 
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= Polycrystalline Silicon Fuse 
For Higher Reliability 


The Intel® 3605 and 3625 families are high density, 4096-bit bipolar PROMs organized as 1024 words by 4 bits. The 1024 by 
4 organization gives ideal word or bit modularity for memory array expansion. The 3605 has open collector outputs and the 
3625 has three-state outputs. The 3605 and 3625 are fully specified over the O°C to 75 C temperature range with +5% power 
supply variation. Maximum access times of 60 ns (3605-2/3625-2) and 70 ns (3605/3625) are available at a typical power 


dissipation of 0.14 mW/bit. 


The 3605/3625 are packaged in an 18-pin dual in-line hermetic package with 300 milli-inch centers. Thus, twice the bit 
density can be achieved with the 3605/3625 in the same memory board area as 512 by 8-bit PROMs in 24-pin packages. 


The highly reliable polycrystalline silicon fuse technology is used in the manufacturing of the 3605 and 3625 families. All 
outputs are initially a logical high and logic low levels can be electrically programmed in selected bit locations. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


64 X 64 ARRAY 


1/64 DECODE 


PIN NAMES 


xc 
Ww 
mt 
° 
ra 
aaa 
> 
= 


1/16 DECODE 


Ay-Ag | ADDRESSINPUTS | 
cs CHIP SELECT INPUT 


0,-0, OUTPUTS 
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3605, 3625 FAMILY 


PROGRAMMING 


The programming specifications are described in the Data Catalog PROM/ROM Programming Instructions on page 4-89. 


Absolute Maximum Ratings* 


Temperature Under Bias........... -65°C to +125°C *COMMENT 

ie] 
Storage Temperature ............. -65°C to +160°C Stresses above those listed under ‘Absolute Maximum 
Output or Supply Voltages ......... -0.5V to 7 Volts Rating’ may cause permanent damage to the device. This 
All Input Voltages ...-..-..--.------ -1V to 5.5V is a stress rating only and functional operation of the device 


Output Currents... 2... 22. ee ee eee eee 100mA at these or at any other condition above those indicated in 
the operational sections of this specification is not implied. 


BD. C. Characteristics: ati Limits Apply for Voo= +5.0V +5%, Ta= 0°C to +75°C 


Limits 


Symbol Parameter Typ.l1] | Max. | Test Conditions 
lea Address Input Load Current mA Vec=5.25V, Va=0.45V 


les Chip Select Input Load Current 
IRA Address Input Leakage Current 


IRs Chip Select Input Leakage 
Current 
Vea Address Input Clamp Voltage 


Ves Chip Select Input Clamp 
Voltage 


VoL Output Low Voltage 
CS4=CS2=Vin 


Vit Input ‘‘Low” Voltage 0.85 Vec=5.0V 


Vin Input “High” Voltage 20] | |v Vec=5.0V 


mA | Vec=5.25V, Vs=0.45V 
uA | Vec=5.25V, Va=5.25V 
U Voc=5.25V, Vs=5.25V 


| mA 
| mA | 
| HA 
Vec=4.75V, |a=-10mA 
_ 
V 


Vec=4.75V, Is= -10mA 


0.3 Vec=4.75V, loL= 15mA 
HA Veco=5.25V, Vee =5.25V 


mA Vcec=5.25V, Vao?Vag=0V, 


3625, 3625-2 ONLY 


Ilo| Output Leakage for High LA Vo=5.25V or 0.45V, 
Impedance Stage Vec=" 25V,CS,=CS9=2.4V 
Isc [2] Output Short Circuit Current 7 -25 1 | Vo = OV 
a 


Wen Output High Voltage 24] | pV lon =-2.4mA, Voc = 4.75V 


NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3605, 3625 FAMILY 


A. C. Characteristics voc = +5v +5%, Ta = 0°C to +75°C 


aes 


Conditions 


Kia te, | Adres to Output Deoy Address to Output Delay ee fo CS;=CS9=Vj,_ 
A+t— , ‘A-—+ 
to select the 
Chip Select to Output Delay eecenenean Mel oe PROM 


Capacitance" 1, =25°c, f= 1MHz 


LIMITS 
SYMBOL PARAMETER kiwis UNIT TEST CONDITIONS 
marae a 


Cina Address Input Capacitance 4 | 10] pr Voc = 5V Vin = 2.5V 
Cins Chip-Select Input Capacitance | 6 | 10 | pF Vec = 5V Vin = 2.5V 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


Switching Characteristics 


Conditions of Test: 15mA TEST LOAD Vcc 

Input pulse amplitudes - 2.5V 

Input pulse rise and fall times of 3002 
5 nanoseconds between 1 volt and 2 volts 

Speed measurements are made at 1.5 volt levels 30pF 6002 


Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz = 


Waveforms 


ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 


ADDRESS 
INPUT 


OUTPUT 


OUTPUT 
OUTPUT 


a tsi4 
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3608, 3628 
8K (1K X 8) BIPOLAR PROM 


80 ns Max. 
100 ns Max. 


3608, 3628 
3608-4, 3628-4 
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m@ Fast Access Time: 65 ns Typically = Open Collector (3608) and Three-State 
= Low Power Dissipation: 0.09mW/Bit (3628) Outputs 


Typically @ Hermetic 24-Pin DIP 
@ Four Chip Select Inputs for Easy Memory @ Polycrystalline Silicon Fuses for Higher 
Expansion Fuse Reliability 


The Intel® 3608/3628 are fully decoded 8192-bit PROMs organized as 1024 words by 8 bits. The worst case access time of 
80 ns is specified over the O°C to 75°C temperature range and 5% Vcc power supply tolerances. There are four chip selects 
provided to facilitate expanding 3608/3628s into larger PROM arrays. The PROMs use Schottky clamped TTL technology 
with polycrystalline silicon fuses. All outputs are initially high and logic low levels can be electrically programmed in selected 
bit locations. 

Prior to the 8192 bit 3608/3628, the highest density bipolar PROM available was 4096 bits. The high density of the 
3608/3628 now easily doubles the capacity without an increase in area on existing designs currently using 512 words by 8 
bit PROMs. There is also little, if any, penalty in power since the 3608/3628 power/bit is approximately one-half that of 4K 
PROMs. The 3608/3628 are packaged in a hermetic 24-pin dual in-line package. 


PIN CONFIGURATION BLOCK DIAGRAM LOGIC SYMBOL 


DATAOUT1 DATA OUT 8 


1 
2 
3 
4 
5 
6 
7 
8 
9 


*PROGRAMMING PIN 


PIN NAMES 


Ag - Ag ADDRESS INPUTS 


CS, - CS. 
1 2 LCHIP SELECT INPUTS!) 


0, - Og DATA OUTPUTS 


[1] To select the PROM CS, = CS,=V,, 
and CS, =CS,=Vj, 
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3608, 3628 FAMILY 


PROGRAMMING 


The programming specifications are described on page 4-89 of the 1978 Data Catalog. 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ........... -65°C to +125°C *COMMENT 
° oO 
eae hi coree ns ee ee see -65'C to +160 C Stresses above those listed under “Absolute Maximum 
aca or Supply Voltages ......... -0.5V to 7 Volts Rating’’ may cause permanent damage to the device. This 
nput Voltages .................. -1V to 5.5V is a stress rating only and functional operation of the device 
Output Currents ©... 2.2.62. eee eee ee ees 100mA at these or at any other condition above those indicated in 


the operational sections of this specification is not implied. 


D.C. CHARACTERISTICS: All Limits Apply for Voc= +5.0V +5%, T,= O°C to +75°C 


Symbol Parameter in. Test Conditions 

lea Address Input Load Current Vec=5.25V, Va=0.45V 

lee Chip Select Input Load Current . Vec=5.25V, Ve=0.45V 

IRA Address Input Leakage Current Vec=5.25V, Va=5.25V 

IRs Chip Select Input Leakage Veco =5.25V, Vs4.0V 

| Current ee 

Voa Address Input Clamp Voltage Veco =4.75V, la =-10mA 

Ves Chip Select Input Clamp Vec=4.75V, Is=-10mA 
Voltage 

Mest. Output Low Voltage 03 | 045 | V_ | Voc=4.75V,loL=10mA 

IcEx 3608 and 3608-4 Output | 1100 | wA | Voc=5.25V, Voe=5.25V 
Leakage Current | 

lec Power Supply Current 150 190 | mA Vec =5.25V, Vag? Vag=O0V, 

PROM deselected 


Vec=5.0V 


Input ‘‘Low” Voltage 
Input ‘“High’’ Voltage 


3628,3628-4 ONLY 


Symbol Parameter Min. Typ. [1] 


llo| Output Leakage for High 
Impedance State 


| Max. | Unit — Test Conditions 
UA Vo=5.25V or 0.45V, 
Voc =5.25V,CS,=CS5=2.4V 
[2] ircui = “ 
Isc Output Short Circuit Current 20 25 fadl Tal Vo = OV 


Ven Output High Voltage lon =-2.4mA, Voc = 4.75V 


NOTES: 1. Typical values are at 25°C and at nominal voltage. 
2. Unmeasured outputs are open during this test. 
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3608, 3628 FAMILY 


A.C. CHARACTERISTICS § Vcc = +5V +5%, _ = 0°C to +75°C 


| MAX. LIMITS LIMITS 
| ee 3608-4 
SYMBOL PARAMETER | ee 3628-4 UNIT CONDITIONS 


Address to Output Delay / 80 | 00 fn CS, = CS5 = Vy, 
Output Disable Time ee ee ee to select the PROM. 


CAPACITANCE’ T, = 25°C, f= 1 MHz 


TYP. as 
SYMBOL PARAMETER UNIT TEST CONDITIONS 


Cina Address Input Capacitance ace pF Veco = OV Vin = 2.5V 
Cins Chip-Select Input Capacitance | 6 | 10 pF Vec = 5V Ving = 2.5V 


NOTE 1: This parameter is only periodically sampled and is not 100% tested. 


SWITCHING CHARACTERISTICS 


Conditions of Test: 15mA TEST LOAD Vcc 
Input pulse amplitudes - 2.5V 
Input pulse rise and fall times of 3002 


5 nanoseconds between 1 volt and 2 volts 
Speed measurements are made at 1.5 volt levels 


30pF 6002 
Output loading is 15 mA and 30 pF 
Frequency of test - 2.5 MHz = 
WAVEFORMS 
ADDRESS TO OUTPUT DELAY CHIP SELECT TO OUTPUT DELAY 
oS, , CS, 
re 1.5V 1.5V 1.5V 1.5V 
6S, CS, | 


OUTPUT OUTPUT 


OUTPUT 
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I. PROM AND ROM INPUT FORMATS 


A. Acceptible Formats 
Intel can accept programming and masking information for PROMs, EPROMs, or ROMs in the form of floppy disk, punched 
paper tape, a master device from which to copy, or computer punched cards. The allowable formats are given in Table 1. The 
preferred formats for the paper tape and computer card input media are the Intel Intellec Hex and BPNF since these formats 
are defined to allow detection of errors. 
It is desirable that two, preferably different, input media for each customer code be sent so Intel can perform a code verifica- 
tion to detect any errors between the two inputs. This procedure, if followed, can avoid errors due to a mispunched tape/card 
or sending a defective or improper master device. 
All orders must be accompanied by a customer PROM/ROM order form. A copy of the form is contained in this section and 
additional copies are available from Intel Literature Department, 3065 Bowers Ave., Santa Clara, California 95051. 


Table 1. Acceptable Formats 


@ Intel Microcomputer @ Intellec Hex @ Intellec Hex @ Same Density and 


Development System Pin Compatible 
Single or Double e@ BPNF @ PN to Device which 
Density Disk is to be Pro- 

@ Hex grammed. 


A1. Logic Levels 
All data field for Intel’s EPROMs/PROMs/ROMs are positive logic. The only exceptions are the 4001 and 4308 ROMs which 
use negative logic. For the 4001/4308, an “0” is a high output and a “’1”’ is a low output. Consequently, because the BPNP 
format specifies the voltage level at the output of the device, it is necessary to input an “0” and “1” in the 4001/4308 in- 
struction code as a “’P” and “’N” respectively. However, for the Hex format, the 4001/4308 input should be specified accord- 
ing to the instruction code logic state, i.e., a ‘’1’’ or 0.’ The below example shows the corresponding input for 4001 instruc- 
tion codes. For comparison, the input for an 8080A is also given as an example. 


Intellec Hex BPNE 
Or Non-Intellec inipive 
Hex Input 


1. 4001 Instruction Code 


4001 
Instruction 
Mnemonic 


4001 
Instruction 
Code 


0000 0000 
1110 0000 


2. 8080A Instruction Code 


Intellec Hex 
Instruction Instruction Or Non-Intellec BPNF 
Mnemonic Code Hex Input Input 
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B. Paper Tape Format 


The paper tape which should be used is 1" wide paper using 7 or 8-bit ASCII code (such as a Model 33 ASR Teletype pro- 
duces). The three paper tape formats which should be sent are described in Sections B1 through B3. 


B1. Intellec Hex Paper Tape Format 


In the Intel Intellec Hex Format, a data field can contain either 8 or 4-bit data. 7wo ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Intel PROM/ROM Order Form. 


Preceding the first data field and following the last data field there must be a leader/trailer length of at least 25 null charac- 
ters. Comments (except for a colon) may be placed on the tape leader. 


The format described below is readily generated by the Intel Intellec Microcomputer Development System or by systems 
programmed by the user. 
1. RECORD MARK FIELD: Frame 0 
The ASCII code for a colon (:) is used to signal the start of a record. 
2. RECORD LENGTH FIELD: Frames 1 and 2 
The number of data bytes in the record is representated by two ASCII hexadecimal digits in this field. The high-order 
digit is in frame 1. The maximum number of data bytes in a record is 255 (FF in hexadecimal). An end-of-file record 
contains two ASCII zeros in this field. 
3. LOAD ADDRESS FIELD: Frames 3—6 


The four ASCII hexadecimal digits in frames 3—6 give the address at which the data is loaded. The high-order digit is in 
frame 3, the lower-order digit in frame 6. The first data byte is stored in the location indicated by the load address; 
successive bytes are stored in successive memory locations. This field in an end-of-file record contains zeros or the start- 
ing address of the program. 


4. RECORD TYPE FIELD: Frames 7 and 8 


The two ASCII hexadecimal digits in this field specify the record type. The high-order digit is in frame 7. All data 
records are type O; end-of-file records are type 1. Other possible values for this field are reserved for future expansion. 


5. DATA FIELD: Frames 9 to 9+2*(record length)-1 


A data byte is represented by two frames containing the ASCII characters O—9 or A—F, which represent a hexadecimal 
value between O and FF (0 and 255 decimal). The high-order digit is in the first frame of each pair. If the data is 4-bit, 
then either the high or low-order digit represents the data and the other digit of the pair may be any ASCII hexadecimal 
digit. There are no data bytes in an end-of-file record. 
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6. CHECKSUM FIELD: Frames 9+2*(record length) to 9+2* (record length)+1 


The checksum field contains the ASCII hexadecimal representation of the two’s complement of the 8-bit sum of the 
8-bit bytes that result from converting each pair of ASCII hexadecimal digits to one byte of binary, from the record 
length field to and including the last byte of the data field. Therefore, the sum of all the ASCII pairs in a record after 
converting to binary, from the record length field to and including the checksum field, is zero. 


Intellec Hex Example: 


: 10310000311A320E03117E31CD40003A9231B7C2EE 
: 1031100060310E00117031CD40003A9231B7C2607B 
: 10312000312A7E31227A310E03117E31CD40003AB0 
: 103130009231B7C260312A8C317CB5CA50310E044D 
: 103140001 18831CD40003A9231B7C26031C3273186 
: 103150000E01117A31CD40000E091 19031CD4000A1 
: 103160000E0C119231CD40000E091 19031CD40006E 
: 0A3170007E3196310100000092311B 

: 10317C0092310100963180008C31923100009631F 1 

: 04318E0092319231B7 

: 02319400923176 

: 00310001CE 


B2. BPNF Paper Tape Format 


The format requirements are as follows: 


1. All data fields are to be punched in consecutive order, starting with data field O (all addresses low). There must be 
exactly N data fields for a N x 8 or N x 4 device organizations. 


2. Each data field must begin with the start character B and end with the stop character F. There must be exactly 8 or 4 
data characters between the B and F for aN x 8 or N x 4 organization, respectively. 


NO OTHER CHARACTERS, SUCH AS RUBOUTS, ARE ALLOWED ANYWHERE IN A DATA FIELD. If in prepar- 
ing a tape an error is made, the entire data field, including the B and F must be rubbed out. Within the data field, a P 
results in a high level output, and an N results in a low level output. 


3. Preceding the first data field and following the last data field, there must be a leader/trailer length of at least 25 charac- 
ters. This should consist of rubout punches (letter key for Telex tapes) or null characters. 


4. Between data fields, comments not containing B’s or F’s may be inserted. Carriage return and line feed characters 
should be inserted (as a “‘comment”’) after each 72 characters. When these carriage returns, etc., are inserted, the tape 
may be easily listed on the teletype for purposes of error checking. The customer may also find it helpful to insert the 
word number (as a comment) at least every four word fields. 


5. Included in the tape before the leader should be the customer’s complete Telex or TWX number and if more than one 
pattern is being transmitted, the device pattern number. 


6. MSB and LSB are the most and least significant bit of the device outputs. Refer to the data sheet for the pin numbers. 


Example of BPNF 2048 x 8 format (N = 2048): 


Start Character Stop Character Data Field MSB LSB 
Leader: Null characters, Trailer: Null characters, 
Rubeut Kev for TWX, or BPPPNNNNNFBNNNNNNPP Feee BNPNPPPNNFE Rubout Key for TWX, o 
Letter Key for Telex Letter Key for Telex 
(at least 25 frames) Word Field 0 Word Field 1 Word Field 2047 (at least 25 frames) 


Example of 512 x 4 format (N = 512): 


Start Character Stop Character Data Field MSB- LSB 
Leader: Rubout Key Trailer: Rubout Key 
for TWX and Letter BPNPNF BNNNN F eeceeee BPPPPF for TWX and Letter 
Key for Telex (at least Key for Telex (at least 
25 frames) Word Field 0 Comment Word Field 1 Word Field 511 25 frames) 
(see text) 


B3. Non-Intellec Hex Paper Tape Format 


For the non-Intellec Hex Format, a data field can contain either 8 or 4-bit data. 7wo ASCII hexadecimal characters must be 
used to represent both 8 and 4-bit data. In the case of 4-bit data, only one of the characters is meaningful and must be 
specified on the Intel PROM/ROM Order Form. 


Parity is allowed; however, it is not checked. Preceding the first data field and following the last data field there must be a 
leader/trailer length of at least 25 null characters or rubout punches. 


The format requirements are as follows: 


1. The start of the first data field is indicated by a colon. After the last data field, a semicolon must be punched to indi- 
cate the end. All data fields are to be punched in consecutive order, starting with data field OOy (all addresses low). 


2. Two hex characters must be used to represent the data field of both N word x 8-bit and N word x 4-bit devices. For an 
8-bit data field, the high order data is represented by the left justified character of the pair. Either character of the pair 
may be used to represent the word field of a N word x 4-bit device, however, it must be consistent throughout the word 
field. The other character may be any hex character. 


A field of ‘‘don’t care’ data is allowed. Data after a field of ‘‘don’t care’’ will be programmed starting at an address 
location enclosed in parentheses. In the following example, data is entered in addresses OO to 05y, followed with 
“don’t care’’ from addresses O64, to 25y,, data being entered again starting at address location 26y,, and followed with 
‘don’t care’’ data to the last address location. 


— OOF F ie ee 


Start Character Data Fields from Address Location Data Fields from End Character 
Address O0y to 05, where Data is to be Address 26y to 2Ay 
Programmed 


3. The x character may be used to rubout any erroneous character(s). The # character may be used to rubout an entire 
line up to the previous carriage return. 


4. Spaces are allowed only between separate word fields. 
5. After each 72 characters, a carriage return followed by a line feed should be punched to allow a print-out of the tape. 


6. Comments must be placed only between the tape leader and the start of the first data field. 


C. Computer Punched Card Format 
The following general format is applicable to the programming information sent on computer punched cards: 
1. An 80 column Hollerith card (interpreted) punched on an IBM 026 or 029 keypunch should be submitted. 


2. A single deck must consist of a Title Card followed by the data cards. There will be N/8 or N/14 data cards for N words 
x 8-bit and N words x 4-bit devices, respectively, in the PN format. 


For the Intellec Hex format, there will be N/32 data cards for both N words x 8-bit and N words x 4-bit devices, and 
one end of file card. 


C1. Intellec Hex Computer Punched Card Format 


Two hex characters must be used to represent data for both a N word x 8-bit and N word x 4-bit device. For the latter, only 
one of the characters is meaningful and must be specified on the Intel PROM/ROM Order Form. The entire data field for all 
bits must be punched even if it is ““don’t care”’. 


DECIMAL NUMBER INDICATING 
THE TRUTH TABLE NUMBER 
NO. OF OUTPUTS 


= 
4or8 Column Data 
TITLE CARD INTEL 1 Punch aT 1 
DESIGNATION CUSTOMER'S P/N 2-3 Blank 
CUSTOMER'S DIVISION OR ae a nore Company Name 
hill NAL I el = 31—50 Customer’s Company Division or location 
Ne bee ee TCS CORE Teth? Chee CaLye 12943 Re 51-52 ~~‘ Blank 
oo 8 6 bbe ne ee t 53-61 Customer Part Number 
© 00 oan | oa i | 62—63 Blank 
dvvvounussroomsevonnevesvevorsevuuneagageacenczgenczgeaegegessceasuageentecteag | | G4—72 Punch the Intel 4-digit basic part number and 
PeSTARRRUCRCRORETOCEEETROREESEDEDT) Tl TEE) ff 1h) DRRRERE DD) [RRRRR OREO EERE ROO E EE in (_) the number of output bits; e.g., 2708 
EEREEEESESISETEEET) FSET EEEEEEEEE EL) PERE Tee eee eee eee eee Peace eee eee (8), 2316 (8), or 3605 (4) 
TEEEEEEEES) B11 REESE) BB] EEEREEEEEEESEDE! FF) | PEER) fF] FPPEPEEEEES) FPEEEE! | FEEEEEEEEDE! 73—74 Blank 
VUPURUEU EET TREPR ETT V ORT PU OUR ERUUEU OORT ORURUCUUECCURSCEERCEEL! POCECOCS! DOCCOSOEL. 75-76 Chip number for ROMs with programmable 
SSSSSSSSSPSBSSSSHSSSSSSSSSSSSSSSSSSSBSSSSSSSSSSSSSSSSSSSSSSSSSMSSSSSSSSBSMSISSSS al inputs. If not applicable, leave 
CEEEEEESESESSESBC CCS EEMS ESSE ES ESSSEEEEO SEES ECECECSMS ESSE SESE SHEFEOEESES ES ESE EEES 77-78 see ; 
PRE) PRRRERARERRRREEOEE) POSREREPRORCORRROO OOOO R PORE OOOO eee eee eee 79-80 Punch a 2-digit decimal umber i indicate 
SRORERQORURERRSERERRUSSESCHANSRESEORESRERESHEUS SBR SRRER CESSES ESSER ERRREQMMEG SURE truth table auniber. ‘Tie. first truth table 
BOE COCR Eee REECE be DEEL ELL Mebane oo aia ok will be 00, second 01, third 02, etc. 
eo 6 3 
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a. N word x 8-bit device 


Column Data 


1 Record mark: A colon is used to signal the 
start of a record. 

2-3 Record length: This is the count of the actual 
data bytes in the record. Column 2 con- 
tains the high order digit of the count, 
Column 3 contains the low order digit. A 
record length of zero indicates end of file. 
All frames containing data will have a 
maximum record length of 10yWex bytes 
(16 decimal). 

4—7 Load address: The four characters starting 
addresses at which the following data will 
be loaded. The high order digit of the load 
address is in Column 4 and the low order 
digit is in Column 7. The first data byte is 
stored in the location indicated by the load 
address. Successive data bytes are stored in 
successive memory locations. ROMs con- 
taining more than 16 bytes of data will use 
two or more records or cards to transmit 
the data. Although the load address for the 
beginning record need not be OOOO, each 
subsequent load address should be “‘10,,” 
(16 decimals) greater than the last. 

8—9 Record type: A 2-digit code in this field speci- 
fies the type of this record. The high order 
digit of this code is located in Column 8. 
Currently, all data records are type 0. End- 
of-file records will be type 1; they are dis- 
tinguished by a zero RECORD LENGTH 
field (see above). Other possible values for 
this field are reserved for future expansion. 

10—73 Data 

75—75 Checksum: Same as paper tape format. 

76-78 Blank 

79—80 Punch same 2-digit decimal number as in Title 

Card. 


b. N word x 4-bit device 


This format is identical to the previously documented 8-bit hexadecimal format with the following exceptions: 


Column 


10—73 Each memory location is represented by two 
columns containing the characters O—9, 
A—F. Since this is 4-bit data, the user must 


indicate which character of each pair is to 
be used as valid data. A single deck must be 
submitted without mixing first and second 
characters of the pair. 


4-74 


punched even if it is ‘“don’t care’ 
logically low). 


C2. PN Computer Punched Card Format 


DECIMAL NUMBER INDICATING 


THE TRUTH TABLE NUMBER 


NO. OF OUTPUTS 


4or8 
TITLE CARD INTEL 
DESIGNATION P/N 
CUSTOMER'S 
CUSTOMER’S DIVISION OR CUSTOMER’S 
COMPANY NAME LOCATION P/N 
anche eameraMNL f 1 


mt Ermer tt BT i 
r | " } | 
| at | 
0 OO ne | 


VE UD LY 14 1G 16 TF LO UN 20-21 2223-2675 26 2P Me c9 OI IZ DP IETS BOI IO IS 4 A) 42 4) 0d aS AG aT AO a8 50 5 $752 5455 56 57 S858 OO GT 62 6) 6465 666) 6869 MET) TZ TD TETS 1677 07980 


POPP Oeeee eee eeeeeeeePens Pel Peel OF Ret POR eRRees POO eR eee eee eee 


2k kkk kkk kkk kkk kkk 222222? 
03333333390 3900 933383 3833339393339939939§ 339899339898 999939933339999999§H99933339993 


WORPR UU UURURUPUUU PUPP UPUUUOUUPOUUUUUUUEEUECER ER ECUCEESEEEEEEEEES COCR EREE! COCR OEEE, 
5055 STMT STS T SST S SSM SSS SS SSS SSSSSSSSSSSSSSSSHSSSSSSSSHSHS55555 
CECH GSES EG ESCM FCCC HEME CCH EE HE KEEFE ECE EEE GEEK KH EM HS HH HEHE ESHER GG HH HERR SEG 6 EGES 
PUPVIQ UT TTT TTT Ta aa 
BRERRAPRSRRRHGRHRBRHKB KKH BABHRK KAA BRABRHHRHRHH HBA RSRHRBRB BALA RRGEERR RAB MOBS 88888 
9999999H9999950998999998999999999999999999 SRS 38 meee tee 4999 9999999999999 


DP MPS OND AD a dS WO) WO 9 40 at a? ad as eS ab ab a 
ow (406) 


Title Card Format. 


For a N words X 4-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 4-bit output of 14 words. 


LSe DECIMAL NUMBER 
DECIMAL WORD MSB INDICATING THE 
ADDRESS BEGINNING TRUTH TABLE NUMBER 
EACH CARD 14 DATA FIELDS 
aa RD 


HOU RE NINN FREE NINE FEN NER PRP PNET Fea EER Fruity FREER NEE PRNE nf 


GO00 BEGG BHOR BOGE GHEE GEER BOCR BOGS BERS GHEE CHEE CHEE BEEe Beee 
BOBOH0000000000000000000000000000000000000000000000000000000000000000000000000R8 
HPD OS GT OSD NZD TENS ETT OTS 2028 22 22 26 25 26 27 28 29 OD) D2 3) 34 DS BO) MO T9441 2 43 4d aS 46 47 A849 S051 52 5) S455 56ST S059 606) 67696465 GE 67 COGS TOT 7 T) ars Tet) erg ee 
PEVTEPT TT TEET TTT TTT TTT ETE TT 
kkk kkk kkk kkk kkk 222222 


93999999993 3.9.93:93999939.999999999 939.399 9999.99993999999999.99399999999399999999993.33 


Mh Ohh Oe Ohhh hh hhh hhh ddd db bbb dd dddddadaa 
SSSSSSSMSMSMMMESSSSSSMMRS 55 MM BBS SSS SSMS SMS MSS SMBS BSS SSSMOMSSSSSSMBSSSSHBSSS555 
THCG EC SSE EEE EEC ECE GCSE CEBE SESE SOEB GE EG CBSE EEE GEEK OFFS FEE O EE TFS HH TEGO E EEE E EGE EOEE 
eeeen th eeeeees | || eee 8 | Poems | te) | bee Pe eee | Pee | | de Pee || | eee | Oe ee eee 
BRRRERBHBEBRGGBR RBBB RBA HCBSK SHE BS CBR RBRR BBR E BBR RBBREHBREBBR BBR HRB RBBRBBBRBBBRBRE 
SUINIIFIIGHTIITTTITIITTTITIITITTITISITIITITITINITIIIIIIIIIIISIIISAIIIIIIIIIIIIING 


PUTS ETAT GST SP SVOOE OCI OAR See CORNICE FP Tes Orbe rae 


iow i ‘ 


Pate ete Oe eee eee Sie ee Pie ee ee Bie be Cie e Pn ee Cie CL eee 
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A word field consists of only P’s and N’s. A punched P will result in an output high level and a punched N in an output low 
level. The B and F characters, unlike the paper tape format, are illegal characters. The entire data field for all bits must be 
. The data field must begin in consecutive order, starting with address O (all addresses 


Punch a T 

Blank 

Customer Company Name 

Blank 

Customer’s Company Division or location 

Blank 

Customer Part Number 

Blank 

Punch the Intel 4-digit basic part number and 
in (_) the number of output bits; e.g., 2708 
(8), 2316 (8), or 3605 (4) 

Blank 

Chip number for ROMs with programmable 
chip select inputs. If not applicable, leave 
blank. 

Blank 

Punch a 2-digit decimal number to indicate 
truth table number. The first truth table 
will be 00, second 01, third 02, etc. 


Punch the 5 digit decimal equivalent of the 
binary coded location which begins each 
card, The address is right justifled, i.e., 
DOPOD, BHG14, BVG28_ etc. 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Punch same 2 digit decimal number as In 
title card. 


= 
=) 
a 
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= 
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For a N words X 8-bit organization only, cards 2 and 
those following should be punched as shown. Each card 
specifies the 8-bit output of 8 words. 


LSB 
MSB 
DECIMAL WORD DECIMAL NUMBER 
ADDRESS BEGINNING INDICATING THE 
EACH CARD 8 DATA FIELDS TRUTH TABLE NUMBER 


mM 


PF 
ELL FORTE PRR RRIF FRRUNNER FRENEEI FRHNERE NMNNFREE NQF PENNE PNR RMP UY 


CORUUREE BORRCEGR GRRRRORS BORREREE BORRRRE BRRRROOR BRRRRRER BRReeeee 
BEREROOOOO DOOD 0000000000000 00000000000000 000000 0000000000000 0000000000000 8E 
y2y4a$ HOME ED VD VANS OTT NO ES 20 21 22.25 24 25 26 27 PEI IO 23D Me IS HO IT YO IT AO al 42 4) 08 aS 4G 47 48 49 50 $1 S253 54 55 56S? S859 60 6) 62 6) 6465 66 67 6869 70781273 2475 6) 87988 
NEREARUARERETREARER ATA SUROTAEOTSOEOSUOOTOSUOORORSRTORTORIOREORTOROSTORR OTT OnES 
Fekete kkklt2 
333333339939999939933333333959333399333399999999999999393339993999999999933333333 
UPC eee ee ee ee eee ee ee ee 


SSSSSSSMSMMMRBSSSSSMMRS SS SMOMM. 50555 0R5 50555 MOMS 55 MMS SSM OS SMES S SMBS SMBS555 
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D. Custom PROM/ROM Order Forms 


Punch the 5 digit decimal equivalent of the 
binary coded location which begins each 
card. The address is right justified, i.e., 
SBGOS, BOGS8, BBO 16, etc. 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Data Field 

Blank 

Punch same 2 digit decimal number as in 
title card. 


All orders for PROMs/ROMs which are to be electrically or mask programmed at Intel must be submitted with the order 
forms shown on the following pages. Additional forms are available from Intel Literature Department, 3065 Bowers Ave., 


Santa Clara, California 95051. 


The order forms for the individual PROMs/ROMs are listed in Table I! below. 


Table II 


PROM/ROM 
Part Number 


MOS EPROMs 
8741, 8748, 8755 
2316E, 8316A, 8316AL, 2616 


2332, 2364 
8041, 8048 
2608, 8308 
$355 
Bipolar PROMs 
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Order Form 
Number 


Company 
Company Contact 
P.O. # 


MARKING 


The marking will consist of the Intel Logo, the product and package type (B1702A), the 
4-digit Intel pattern number (WWWW), an internal manufacturing traceability code (XXYY), 
and the customer part number (Z....Z). The customer part number is limited to a maximum 


of 9 digits or spaces. 


FLOPPY DISK 


CUSTOMER EPROM 
ORDER FORM 
A 


Phone # 
Date 
Intel Device P/N 


All custom MOS EPROM orders must be submitted on this form. Programming information 
should be sent per the formats described in the Programming Instruction section of the Intel 
Data Catalog. Additional forms are available from Intel. 


1702A MARKING 
EXAMPLE 


1702A/4702A/8702A Family 
2708/8708/2704 Family 
2716, 2758, 8741, 8748, 8755 


For Intel Use Only 


B1702A 
XXYY 


Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 


CL] Single Density 


CUSTOMER PART NUMBER 


Sn eo Ss PY > 


Customer P/N 
(Please Fill-in) 
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Floppy Disk File Name 
(Please Fill-In) 
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ON OA FPF WN > 


L] Double Density 


Intel Pattern Number 
(Please Do Not Use) 
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2316E 


2616 
CUSTOMER 16K, 32K, and 64K : 
B 2832 
2364 
For Intel Use Only 
Company Phone # 
Company Contact Date 
P.O. # Intel P/N & Pkg 


A custom 16K/32K/64K ROM order must be submitted on this form. Programming infor- 
mation should be sent per the formats described in the Programming Instruction section of 
the Intel Data Catalog. Additional forms are available from Intel. 


= 

© 

a 

= 

oO MARKING 

a. 
The marking will consist of the Intel Logo, the product and package type (P2316E), the oO 
4-digit Intel pattern number (WWWW), a date code (XXYY), and the customer part number P2316E wwww 
(Z....Z). The customer part number is limited to a maximum of 9 digits or spaces. XXYY Leevd 


When authorized by the customer to ship 2616 PROMs against a 2316E order, the PROMs 
are marked with the dual part number 2616/2316E. 


1 
P2316E MARKING EXAMPLE 


IMPORTANT MASK OPTION SPECIFICATION 


The 2316E, 8316A, and 8316AL chip select inputs are mask programmable and must be specified by the user. The chip 
select logic levels must be specified with one of the below Chip Numbers, The Chip Number will be coded in terms of positive 
logic where a logic ‘’1’’ is a high level input. It should be noted that Chip Number 4 for the 2316E is compatible to Intel’s 
2716 EPROM and 2616 PROM. 


Chip Number CS3 CS2 CS1 


NOOR WN — © 
tat oOo Co 
-o-OoO-0-- 0 


FLOPPY DISK 


Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 


LJ Single Density L] Double Density 


CUSTOMER PART NUMBER 


16K ROM 
Customer P/N Chip Number Floppy Disk File Name Intel Pattern Number 
(Please Fill-In) (Please Fill-In) (Please Fill-In) (Please Do Not Use) 
1. LLY | | | 1. Lo Te Got 1 
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8 Lit | dl 3. i} 8 | | | a 8 
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Company 
Company Contact 
P.O. # 


All custom 8041 and 8048 orders be submitted on this form. Programming information 


CUSTOMER 8041, 8048 ROM 
ORDER FORM 
C 


Phone # 
Date 
Package Type: LC] Plastic 


CJ Cerdip 


should be sent per the formats described in the Programming Instruction section of the Intel 


MARKING 


Data Catalog. Additional forms are available from Intel. 


All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8048), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 


limited to a maximum of 9 digits or spaces. 


FLOPPY DISK 


1 


8041, 8048 


For Intel Use Only 


S# 


WWWwWw 


CT P8048 
| XXYY ZZ 


P8048 MARKING EXAMPLE 


Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 


LJ Single Density 


CUSTOMER PART NUMBER 


Customer P/N 
(Please Fill-in) 


Sw Pa Se YN = 


Floppy Disk File Name 
(Please Fill-In) 
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L] Double Density 
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Intel Pattern Number 
(Please Do Not Use) 
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Se oe ee ee ee 


PROM/ROM 


2608 
2308/8308 


CUSTOMER 8K ROM 
ORDER FORM 
D 


For Intel Use Only 


Company Phone # S# 
Company Contact Date 
P.O. # Intel P/N & Pkg 


All custom 8K ROM orders must be submitted on this form. Programming information 
should be sent per the formats designated on this order form. Additional forms are available 
from Intel. 


MARKING 


= 
oO 
oc 
= 
=) 
cc 
a 


The marking will consist of the Intel logo, the product type (C8308), the 4-digit Intel pat- O c8308 WWWW 


tern number (WWWW), a date code (XXYY), and a maximum 9-digit number (Z....Z) which 
is specified by the user. The 9-digit number may be a part number or the chip number. 


XXYY 
ZZZZZZZZ2Z 


When authorized by the customer to ship 2608 PROMs against a 2308/8308 order, the 1 
PROMs are marked with the dual part number 2608/2308 or 2608/8308. C8308 MARKING EXAMPLE 


IMPORTANT MASK OPTION SPECIFICATION 


The 2308/8308 CS, chip select input is mask programmable and must be specified by the user. The chip select logic level 
must be specified with one of the below Chip Numbers. The Chip Number will be coded in terms of positive logic where a 
1’ is a high level input. It should be noted that Chip Number 0 for the 2308/8308 is compatible to Intel’s 2708 EPROM and 


2608 PROM. 
CS1 CS2 
Chip Number (non-programmable) (programmable) 
0 0 0 
1 0 1 
FLOPPY DISK 


Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 


LJ Single Density L] Double Density 


CUSTOMER PART NUMBER 


Customer P/N Chip Number Floppy Disk File Name Intel Pattern Number 

(Please Fill-In) (Please Fill-In) (Please Fill-In) (Please Do Not Use) 
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All custom 8355 orders must be submitted on this form. Programming information should 
be sent per the formats described in the Programming Instruction section of the Intel Data 
Catalog. Additional forms are available from Intel. 


Company Contact 
P.O. # 


Company 


MARKING 


Package Type: LJ Plastic 


CUSTOMER 8355 ROM 
ORDER FORM 
E 


Phone # 
Date 


L] Cerdip 


All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (P8355), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 


limited to a maximum of 9 digits or spaces. 


FLOPPY DISK 


Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 


LJ Single Density 


CUSTOMER PART NUMBER 
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Customer P/N 
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Floppy Disk File Name 
(Please Fill-In) 
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8355 


For Intel Use Only 


WWWww 


O 
P8355 
| XXYY  Z....2 


1 


P8355 MARKING EXAMPLE 


L] Double Density 


—_— = 
=P PP PsN SOS BY = 


Intel Pattern Number 
(Please Do Not Use) 
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PROM/ROM 


36AA PROM 


CUSTOMER BIPOLAR PROM 
ORDER FORM 
F 


For Intel Use Only 


Company Phone # 
Company Contact Date 
P.O. # Intel Device P/N 


All custom bipolar PROM orders must be submitted on this form. Programming informa- 
tion should be sent per the formats described in the Programming Instruction section of the 
Intel Data Catalog. Additional forms are available from Intel. 


IMPORTANT HEX AND INTELLEC HEX FORMAT INFORMATION 


A word field must be 8 bits in the hex format. Consequently for N words by 4-bit devices such as the 3605, it is important that you 
indicate by checking the box below whether the submitted tape or card deck for programming is right or left justified. 


L] Right Justified 


= 
=) 
oc 
= 
=) 
oc 
a. 


L] Left Justified 
MARKING 


All devices will be marked as shown at the right figure. The marking will consist of the Intel 
Logo, the product and package type (D36AA), the 4-digit Intel pattern number (WWWW), a 
date code (XXYY), and the customer part number (Z....Z). The customer part number is 
limited to a maximum of 9 digits or spaces. 


O D36AA 
| XXYY 


WWWww 
ZZZZZ2ZZ22Z 


FLOPPY DISK 


Programming information may be sent on Intel Microcomputer Development System Floppy Disk. When using this input 
medium the floppy disk file name should be indicated in the Customer Part Number Section below. The type of floppy disk 
sent should also be indicated by checking one of the appropriate boxes: 


LI Single Density 


CUSTOMER PART NUMBER 


Customer P/N 


Floppy Disk File Name 
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D36AA MARKING EXAMPLE 


L] Double Density 


intel Pattern Number 
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Il. MOS EPROMs 
A. Erasure Procedure 


As stated in the EPROM related data sheets, the recommended erasure procedure to use with EPROMs is to illuminate the 
window with a UV lamp which has a wavelength of 2537 Angstroms (A). The data sheets specify a distance of 1 inch and 
erase times of 10—45 minutes, depending on the type of device and UV lamp. Actually, the amount of time required to erase 
a device can be concisely stated in terms of the amount of UV energy incident to the window, expressed in Watt-seconds per 
square centimeter (W-sec/cm2). Table III lists the required integrated dosgae (UV intensity X exposure time) for the EPROMs 
currently in production by Intel. 


Table III. Required Erase Energy for Device Types 


2537A Erase Energy 


1702A/4702A 6 W-sec/cm2 
2708/8708 15 W-sec/cm2 


2758, 2716 15 W-sec/cm2 
8741, 8748 15 W-sec/cm2 
8755 15 W-sec/cm2 


The erase energy expressed in Table III includes a guardband to ensure complete erasure of all bits. /t is not sufficient to 
monitor “first bit’ erasure to determine erasure time, as some other bits in the array may not be erased. 


A1. UV Sources 


There are several models of UV lamps that can be used to erase EPROMs (see Table IV). The model numbers in the table refer 
to lamps manufactured by Ultra Violet Products of San Gabriel, California. In addition, there are several other manufacturers, 
including Data I/O (Issaquah, Wash.), PROLOG (Monterey, Calif.). Prometrics (Chicago, III.), and Turner Designs (Mt. View, 
Calif.). The individual manufacturers should be consulted for detailed product descriptions. Also shown in the table are 
typical erase times for various combinations of Intel PROMs and lamp intensities. 


Table IV. 


Minimum Erase Time for Indicated Dosage 
Without a Filter Over the Bulb 


Power Rating 15 W-sec 
2708, 8708, 8755 
2758, 2716, 8748, 
8741 


13000 upW/cm2 7.7 min 19.2 min 
12000 uW/cm2 8.3 min 20.7 min 
12000 wW/cm2 8.3 min 20.7 min 
5700 uW/cm2 17.5 min 43.8 min 
5500 uW/cm2 18.2 min 45.6 min 


According to the manufacturers, the output of the UV lamp bulbs decrease with age. The output of the lamp should be 
verified periodically to ensure that adequate intensities are maintained. If this is not done, bits may be partially erased which 
will interfere with later programming and/or operation at high temperature. 

For lamps other than those listed, the erase time can be determined by using a UV intensity meter, such as the Ultra Violet 
Products Model J-225. When a meter is used, the intensity should be measured at the same position (distance from the lamp) 
as the EPROMs to be erased. This will require careful positioning to insure that the sensor will receive the same amount of 
UV light that the window of the EPROM will receive. 

The sensors used with most UV intensity meters show reduced output with constant exposure to UV light. Therefore, they 
should not be permanently placed inside the erasure enclosure, they should only be used for periodic measurements. 


4-83 


= 
=) 
ag 
= 
ro) 
oc 
ou 


B. 1702A/1702AL Family Programming 


The 1702A/1702AL is erased by exposure to high intensity short wave ultraviolet light at a wavelength of 2537A. The recom- 
mended integrated dose (i.e., UV intensity X exposure time) is 6 W-sec/cm2. An example of an ultraviolet source which can 
erase the 1702A/1702AL in 10 to 20 minutes is the Model S52 short wave ultraviolet lamp. The lamp should be used without 
short wave filters and the PROM should be placed within 1 inch away from the lamp tubes. 


Initially, all 2048 bits of the PROM are in the “0” state (output low). Information is introduced by selectively programming 
“1's (output high) in the proper bit locations. 


Word address selection is done by the same decoding circuitry used in the READ mode. All 8 address bits must be in the 
binary complement state when pulsed Vcc and Vgcg move to their negative levels. The addresses must be held in their binary 
complement state for a minimum of 25 usec after Vpp and Vg have moved to their negative levels. The addresses must then 
make the transition to their true state a minimum of 10 usec before the program pulse is applied. The addresses should be 
programmed in the sequence 0 through 255 for a minimum of 32 times. The eight output terminals are used as data inputs to 
determine the information pattern in the 8 bits of each word. A low data input level (-48V) will program a ‘’1”’ and a high 
data input level (ground) will leave a ‘’0’’. All 8 bits of one word are programmed simultaneously by setting the desired bit 
information patterns on the data input terminals. 


During the programming, Vcc, Vpp and the Program Pulse are pulsed signals. See page 4-12 for required pin connections 
during programming. 


1702A, 1702AL 


D.C. and Operating Characteristics for Programming Operation 
Ta = 25°C, Voc = OV, Veg = + 12V +10%, CS = OV unless otherwise noted 


Veg = -35V 
Program Voltage 


Notes: 1. The Vgp supply must be limited to 100mA max. current to prevent damage to the device. 
2. Ippp flows only during Vpp, VGG on time. Ippp should not be allowed to exceed 300mA for greater than 100usec. Average 
power supply current Ippp is typically 40mA at 20% duty cycle. 
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ROM/PROM PROGRAMMING INSTRUCTIONS 


1702A, 1702AL 
A.C. Characteristics for Programming Operation 


TAMBIENT = 25 C, Vec = OV, Veg = + 12V +10%, CS = OV unless otherwise noted 


[ewvcrseeo.vest fT ef 


to Pw Program Pulse Width Veg = -35V, 
Vop = Vproc = -48V 


PROGRAM WAVEFORMS 
Conditions of Test: 


Ls 


a ae 
ps 


Input pulse rise and fall times <1psec 
CS = OV 


——"| tacu -_ 


ea 
acw——— | 


BINARY COMPLEMENT 
ADDRESS OF WORD 
TO BE PROGRAMMED 


BINARY ADDRESS 
OF WORD TO BE 
PROGRAMMED 


ADDRESS 


—40 to —48 


0 


PULSED Vpp 
POWER SUPPLY 


—46 to —48 


0 


PULSED Vg 
POWER SUPPLY 


—35 to —40 


0 


PROGRAMMING 
PULSE 


—46 to —48 


| 
] | | 
aes i TR 
| 


0 - 

DATA INPUT Y Yy 
(DEVICE DATA CA DATA STABLE DATA CAN Yy 
OUTPUT CHANGE. — TIME Yj CHANGE Yy 

LINES) 
—46 to -48 Lie 
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C. 2708/2704 Family Programming 


Initially, and after each erasure, all 8192/4096 bits of the 2708/2704 are in the ‘’1’’ state (output high). Information is intro- 
duced by selectively programming ‘’0” into the desired bit locations. A programmed ‘‘0’’ can only be changed to a “1” by 
UV erasure. 


The circuit is set up for programming operation by raising the CS/WE input (pin 20) to +12V. The word address is selected in 
the same manner as in the read mode. Data to be programmed are presented, 8 bits in parallel, to the data output lines 
(O;—Og). Logic levels for address and data lines and the supply voltages are the same as for the read mode. After address and 
data set up, one program pulse per address is applied to the program input (pin 18). One pass through all addresses is defined 
as a program loop. The number of loops (N) required is a function of the program pulse width (tpy) according to N x tpw 
= 100 ms. 


The width of the program pulse is from 0.1 to 1 ms. The number of loops (N) is from a minimum of 100 (tpw = 1 ms) to 
greater than 1000 (tpw = 0.1 ms). There must be N successive loops throuhg all 1024 addresses. /t is not permitted to apply N 
program pulses to an address and then change to the next address to be programmed. Caution should be observed regarding 
the end of a program sequence. The CS/WE falling edge transition must occur before the first address transition when chang- 
ing from a program to a read cycle. The program pin should also be pulled down to Vj,p with an active instead of a passive 
device. This pin will source a small amount of current (Ij, .) when CS/WE is at Vijyw (12V) and the program pulse is at Vi;p. 


Programming Examples (Using N x tpy = 100 ms) 
Example 1: All 8096 bits are to be programmed with a 0.5 ms program pulse width. 
The minimum number of program loops is 200. One program loop consists of words 0 to 1023. 


Example 2: Words 0 to 100 and 500 to 600 are to be programmed. All other bits are ‘‘don’t care’. The program pulse 
width is 0.75 ms. 


The minimum number of program loops is 133. One program loop consists of words 0 to 1023. The data 
entered into the “don’t care” bits should be all 1°s. 


Example 3: Same requirements as example 2, but the PROM is now to be updated to include data for words 750 to 770. 


The minimum number of program loops is 133. One program loop consists of words 0 to 1023. The data 
entered into the “don’t care’’ bits should be all 1’s. Addresses 0 to 100 and 500 to 600 must be re-program- 
med with their original data pattern. 


2704, 2708 Family 
PROGRAM CHARACTERISTICS 


Ta = 25°C, Voc = 5V +5%, Vop = +12V +5%, Veg = -5V +5%, Vss = OV, Unless Otherwise Noted. 
D.C. Programming Characteristics 


Tien | PowonPosesincuren’ ——SSSCSC~—~‘“dRSC“‘('.S*dY' SSP wm | SCS 
Vob Supply Current 
lce Vcc Supply Current 
| V Supply Current 
[ves || ee fv] 
Vec+1 V 
Input High Level For all Addresses 
and Data 
Vect+1 Vv 
Program Pulse Low Level a V Vinp— Vitp 25V min. 


Note 1. Ilgp for the 2708L is specified in the programmed state and is 18 MA maximum in the unprogrammed state. 
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A.C. Programming Characteristics 


oT 
tw | Program Pulewisth———SSSSCS~S~sC 
8 


a 
ro) 
2 a 
= 
=) 
o 
oO. 


tpr Program Pulse Rise Time 
tpr Program Pulse Fall Time 


NOTE: Intels standard product warranty applies only to devices programmed to specifications described herein. 


2704, 2708 Family 
Programming Waveforms 


1 OF N PROGRAM LOOPS 2-H 


READ ——> 


(AFTER N 


Vv 
IHW PROG. LOOPS) 


CS/WE 
Vit 
——>| |}*— NOTE 1 

Vv 

1H 

ADDRESS ADDRESS 0 ADDRESS 1....... ADDRESS 1023 

Vv 

iL 

taut el 
tacc 450ns MAX 
Vin 
DATAOUT |DATA OUT 
= V, INVALID 
IL 
tow (1) 
topr (10 MAX) 
(.1mS MIN) 
PW (1.0mS MAX) ——> <+— tp (.5) 
Vine : 
PROGRAM 
PULSE 


NOTE 1. THE CS/WE TRANSITION MUST OCCUR AFTER THE PROGRAM PULSE TRANSITION 
AND BEFORE THE ADDRESS TRANSITION. 


NOTE 2. NUMBERS IN () INDICATE MINIMUM TIMING IN uS UNLESS OTHERWISE SPECIFIED. 
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D. 2716 And 2758 Programming 


Initally, and after each erasure, all bits of the 2716/2758 are in the ‘1’’ state. Information is introduced by selectively pro- 
gramming “0” into the desired bit locations. A programmed “‘0” can only be changed to a “1” by UV erasure. 


The 2716/2758 is programmed by applying a 50 ms, TTL programming pulse to the CE/PGM pin with the OE input high and 
the Vpp supply at 25V +1V. Any location may be programmed at any time — either individually, sequentially, or randomly. 
The programming time for a single bit is only 50 ms and for all bits is approximately 100 and 50 seconds for the 2716 and 


2758 respectively. The detailed programming specifications and timing waveforms are given in the following tables and 
figures. 


CAUTION: The Vcc and Vpp supplied must be sequenced on and off such that Vcc is applied simultaneously or before 
Vpp and removed simultaneously or after Vpp to prevent damage to the 2716/2758. The maximum allowable 
voltage during programming which may be applied to the Vpp with respect to ground is +26V. Care must be 
taken when switching the Vpp supply to prevent overshoot exceeding the 26-volt maximum specification. For 
convenience in programming, the 2716/2758 may be verified with the Vpp supply at 25V +1V. During normal 
read operation, however, Vpp must be at Vcc. 


2716 AND 2758 PROGRAM CHARACTERISTICS") 


Ta = 25°C +5°C, Vecl2] = 5V +5%, Vpp!2.3] = 25V +1V 
D.C. Programming Characteristics 


nent SERS 
Programming Pulse 

SO _ A s S 

[oa = Re) a 
A.C. Programming Characteristics 

csymbot[ Parmeer [mins [Wm | Me | Ome [| 
[as | Adtresseuptine | 2? || dT | 
‘toes | O&SetupTime | 2 | Es 
i a a 2 
a 
fon | OEHoatime S| 2 | | dT a | 
ton | Datawotine | 2 | | Tw | 
[tor | Output Enable toOutpurFowtDeay | © [| 120 | os | CEmGM=va 
Foz | Ourput Enable vo OvrpurDeay | ‘| (| 20 _+| | CEipow=vy 
[ew | Prowam Pusewiath [a [8088s 


NOTES: 1. Intel's standard product warranty applies only to devices programmed to specifications described herein. 


2. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The 2716/2758 must not be 
inserted into or removed from a board with Vpp at 25 +1V to prevent damage to the device. 


3. The maximum allowable voltage which may be applied to the Vpp pin during programming is +26V. Care must be taken when 
switching the Vpp supply to prevent overshoot exceeding this 26V maximum specification. 
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A.C. Conditions of Test: 


els ee ee ee eee ee ae ee eee ee 5V +5% Input Pulse Levels..............000048 0.8V to 2.2V 
VER, cio 6205 AO heb oR Re wed ae ee eed 25V +1V Input Timing Reference Level............ 1V and 2V 
Input Rise and Fall Times (10% to 90%) ......... 20 ns Output Timing Reference Level......... 0.8V and 2V 
PROGRAMMING WAVEFORMS 
Vpp = 25V t1V, Vec= SV +5% 

PROGRAM fe cha 
ADDRESSES 7 ADDRESS N ADDRESS N+m 


DATA OUT DATA IN 
DATA 4 b VALID STABLE 
ADD. N ADD. N ADD. N+m 


‘DF tOE ‘DF 
(0.12 MAX) (0.12 MAX) (0.12 MAX) 


‘os ‘DOH 


tOES tOEH 
(2) (2) 


DATA IN 
STABLE 


‘prt ‘PET 


NOTE: ALL TIMES SHOWN IN PARENTHESES ARE MINIMUM TIMES AND ARE ,SEC UNLESS OTHERWISE NOTED. 


Ill. BIPOLAR PROM PROGRAMMING 


All Intel bipolar PROMs are programmed with the algorithm described below. This algorithm was developed specifically to 
program the 3602A/3622A, 3604A/3624A, 3605/3625, and 3608/3628. The a/gorithm described in this section must be 
used on the aforementioned PROMs to insure properly and reliably programmed fuses. 


Initially, all bits are in a logic 1 (high) state. To program a bit to a logic O (low) state, it is necessary to force 5 mA into the 
output to be programmed. A series of program pulses must also be applied to the Vcc power supply and to any one of the 
logically low true chip select (CS) inputs. The logic level of the other chip selects, in the case of PROMs with multiple chip 
selects, should be such that the PROM is selected during verification. 

Program pulses are applied to all outputs of a word in a cycle time. The program pulses are multiplexed during a cycle time to 
each output of the word to be programmed. If desired, a N word by 8-bit PROM may have its words programmed in two 
separate groups — the four lower order bits (O; to Oq) and the four higher order bits (Os to Og). The operation in this man- 
ner is the same as for a N word by 4-bit PROM. For fastest programming time, it is preferred that all eight outputs be pro- 
grammed at the same time. 


The programming specifications are given in Table V and the programming waveforms are shown in Figure 1. The program- 
ming procedure (described with nominal specifications) is as follows: 
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oc 
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1. A 5 mA current must be forced into the output to be programmed by a current source. The current source must be 
clamped to Vcc by a silicon diode. All the other outputs must be floating until it is their turn for programming. The 
Vcc power supply and the chip select (CS) input is pulsed as shown in Figures 1 and 2. The width of Vcc is linearly 
increased from 0.2 us to 8 us according to the ramp time shown in Figure 3. The total ramp time for a group of four 
outputs is 180 ms and 360 ms for a group of eight outputs. 


The Vec program pulses are multiplexed during a cycle time to the outputs of the word to be programmed. The cycle 
time (tcyc) between the Vcc program pulses to the same output will increase as the Vcc program pulse width increases 
from 0.2 us to 8 us. The time (tp) between Vcc pulses of two different outputs is constant at 1.8 us. 


2. All outputs must be continuously monitored for programming verification. This verification must occur after Voc has 
been at 4.5V for 90% of tp and prior to Vcc rising to 12.5V. The program/verification cycles must still be applied 
(with the pulse width still linearly increasing to a maximum of 8 ws) even though the output has been sensed as being 
programmed. An additional 128 verifications (i.e., 128 program/verify cycles) on each output must be obtained to 
insure a correctly programmed output. This additional 128 verification is a minimum number and must occur after all 
the bits of the word are sensed as being programmed. Please refer to Figure 1 for the timing waveforms. | 


More than 128 program/verify cycles may be required to achieve the 128 verifications on each bit. The cycles should 
still continue even if one bit fails, since the verifications are not required to be in consecutive sequence. After the 128 
verifications have occurred for all bits, a final Vec and CS pulse at a width of 2.5 ms is simultaneously applied to all 
outputs. Programming should cease if the 128 verifications are not achieved in 800 ms. a . . 

3. A 4 mA +50% current must also be forced into CS3 (pin 19) of the 3608/3628 family and into CS, (pin 18) of the 
3604A/3624A family during programming. If desired for commonality the 4 mA may also be forced into CS4 of the 
3604/3624 family. 

4. The 4 mA current into the chip select input may be easily accomplished by using a 1.2K resistor connected to a +15V 
power supply. The voltage on the chip select input will be approximately 10V with the 1.2K resistor. 


Limits 
Conditions 


= 
Oo 
oc 
hs 
= 
=) 
oc 
a. 


Table V. Programming Characteristics 


Ta =25 C 


Symbol Parameter 


Vcc Program Pulse Amplitude 12.0 


ViH1 
Vin2 CS Program Pulse Amplitude 


Vint 


— 


Vec During Verify 


& 
N 
o 
© 
N 


ViH2 CS During Verify 


Voc Pulse Width at Beginning 
of Pulse Train 


Vec Pulse Width at End of Pulse 
Train 


tpw1 


NO 
i=) 
oO 


tpw2 Measured at 12V 


Measured at 12V 


Tess Chip Select Setup Time 


TesH Chip Select Hold Time 


Measured from 5.0V on falling edge 
of Vcc to 1.5V on falling edge of CS 
Yr 
Tr 


Vcc Rise Time 300 


D 


Vec Fall Time 2 


8 
oO 


Time Between Pulses to Same 
Output 


Tere 


Top DC Program Time After Verifica- 
tion Has Been Obtained 


Measured from 1.5V on rising edge 
of CS to 5.0V on rising edge of Vcc 


net 


Time Between Vcc Pulses to 
Successive Outputs 


Time During Which Vcc 
Pulse Width is Increased 4 outputs 


N — ~N i 


| | Measured at 5V on Vcc 


| 
= a 
ms 


CS3 or CSq4 should be driven with a 
1.2K resistor from a 15V power 


TRAMP 


Linearly from tpy to 
tpw2 8 outputs 


Current to CS3 of 3608/3628 or 
to CS4 of 3604A/3624A 


supply 


NOTE: 1. The minimum Vj, for the 3604AL (low power) is 4.5V ‘499 


+ ‘cve—___—w}a-to-»| Sa ‘eve 1a top—m| 
(NOTE 2) 


(SEE FIG. 2 FOR DETAILS) 
12.5V 
Vcc 
4.5V 
_ >3V 
cs 
<0.8V 


=10V 
OUTPUT1 =5V | | 
0.45V (MAX) mamma’ 
PROGRAMMED 0 (NOTE 1) 
=10V 
OUTPUT 2 =5V en 5 2 awe fer 
0.45V (MAX) memernnney 


PROGRAMMED 0 (NOTE 1) 


= 
=) 
oc 
= 
ro) 
oc 
a 


=10V 
0.45V (MAX) 


PROGRAMMED 0 (NOTE 1) 


Figure 1. Programming Cycles. 


NOTES: 1.PROGRAM VERIFICATION MUST OCCUR AFTER Vcc HAS BEEN AT 4.5V FOR 90% OF tp AND PRIOR TO Vcc RISING TO 12.5V. 
THE PROGRAMMED OUTPUT IS <0.45V WHEN CS <0.8V AND FLOATING WHEN CS > 3V. 


2. AFTER THE LAST BIT HAS BEEN PROGRAMMED, 128 ADDITIONAL VERIFICATIONS ARE REQUIRED FOR EACH OUTPUT TO 
BE CORRECTLY PROGRAMMED. 


3. AFTER THE 128 PROGRAM VERIFICATIONS, A FINAL 2.5 ms Vcc AND CS PULSE SHOULD BE APPLIED WHILE SIMULTANEOUSLY 
ENABLING THE CURRENT SOURCES TO ALL OUTPUTS WHICH ARE TO BE PROGRAMMED. 


tcyc 
‘pw 'R "F 
12.5V 
12V 12V 
Vcc 
5V 5V 5V 5V 5V 
4.5V 
to ‘bp 
tess t<0 ns tCSH 
2>3V pes 
cs 1.5V 
OV 
=10V 
OUTPUT 1 
=5V 
UNPROGRAMMED BIT 
~10V 
OUTPUT 2 
=5V Qicemeserrmenennrs ts ems rman ran te a rast ge samen Nene Sat aes ses tse 
=10V 
OUTPUT N 


Figure 2. Programming Cycle Details. 
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(a) RAMP TIME IN PROGRAMMING 8 OUTPUTS 
(b) RAMP TIME IN PROGRAMMING 4 OUTPUTS 


t 

PW tpw 
3 Ei 
=. &§ = 8 
6 | 2 | 
= = 
ws | % | 
Es J 
: | : | 
o | 2 | 
= = 
= | = 
5 < 
<x | oc 
5 9 | 
& , E | 
-  % l re 
8 - * | 
> | 2 ) 

| 
0.2 | 0.2 | 
0 0) t 
100 200 300 400 500 600 700 800 100 200 300 4400 #424500 600 700 ~~ 800 
PROGRAMMING ELAPSED TIME (ms) PROGRAMMING ELAPSED TIME (ms) 


Figure 3. Vcc Pulse Width vs. Programming Time. 
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SERIAL MEMORIES 


Electrical Characteristics Over Temperature 
No. Data Rep. Rate Power Input 
of Dissipation | Output | Clock Page 
Type | Bits Description Min. Max. Max.[1] Levels | Levels | Supplies[V] | No. 
2401 | 2048 | Dual 1024-Bit Dynamic 25kHz 1MHz 350mW 5-3 
Recirculating 
5-7 


1024 | 1024-Bit Dynamic 25kHz 1MHz 350mW 
Recirculating 
65,536] 256 Recirculating Shift 2.5MHz | -$, 412 5-7 
Registers of 256 bits each 
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intel 
2401, 2405 
2048/1024-BIT DYNAMIC 


RECIRCULATING SHIFT REGISTERS 


= Single Supply Voltage -- +5 Volts " Low Clock Capacitance --7 pF 
= Fully TTL Compatible -- Inputs , " Write/Recirculate and Chip 
Outputs and Clock Select Logic Incorporated on Chip 
« Single Phase Clock = Standard Configurations -- 
= Guaranteed 1 MHz Operation Dual 1024 Bit -- 2401 
with 100 pF Load, over Single 1024 Bit -- 2405 


Temperature Range 


" Low Power Dissipation -- 
120 uw/bit typically at 1 MHz 


The 2401/2405 are 2048/1024 bit dynamic recirculating shift registers. They are directly TTL compatible in all 
respects: inputs, outputs, clock and a single +5 volt power supply. 


Write/recirculate controls are provided to eliminate the need for external logic elements when recirculating data. 


Two chip select inputs have been provided to allow easy selection of an individual package when outputs of several 
devices have been ‘’OR-tied’’. A separate internal “‘pullup”’ resistor (R, ) is provided which can be externally con- 
nected to the output pin to achieve full signal swing. 


This Intel shift register family is fabricated with N-channel silicon gate technology. This technology provides the 
designer with high performance, easy to use MOS circuits. Only a single +5V power supply is needed and all devices 
are directly TTL compatible, including clocks. 

a 


PIN CONFIGURATIONS LOGIC DIAGRAM 


1024 bits 


NOTE: This represents one half of the 2401. The chip 
select inputs and clock input are common. 


* DASH LINES INDICATE NECESSARY EXTERNAL 
PRINTED CIRCUIT BOARD CONNECTIONS FOR 


PROPER OPERATION OF THE 2405. TRUTH TABLE 


(SEE APPLICATION SECTION) 
PIN SYMBOL 
FUNCTION 


WRITE MODE 
RECIRCULATE 


PIN NAMES 


IN DATA INPUT OUT DATA OUTPUT 
W7/R WRITE/RECIRCULATE Ri INTERNAL LOAD 
CONTROL RESISTOR READ MODE 


CSy,CSy CHIP SELECT INPUT NO CONNECTION 


H = Logic High Level L = Logic Low Level 
X = Don't Care Condition 


53 


2401, 2405 


Absolute Maximum Ratings* 


*COMMENT: 
Ambient Temperature Under Bias: O° C to 70°C Stresses above those listed under ‘‘Absolute Max- 
Storage Temperature: —65° C to +150°C imum Rating’’ may cause permanent damage to 


the device. This is a stress rating only and function- 


Power Dissipation: TW al operation of the device at these or at any other 
Voltage on Any Pin with Respect condition above those indicated in the operation- 
to Ground: —0.5V to +7V al sections of this specification is not implied. 


Exposure to absolute maximum rating conditions 
for extended periods may affect device reliability. 


D. C. Characteristics 


T, = O°to 70°C, Voc = +5V +5%, unless otherwise specified . 


LIMITS 
SYMBOL PARAMETER 


T¥P. | TyP.(1 | AX. 
INPUT LEAKAGE 
OUTPUT LEAKAGE 


UNITS TEST CONDITIONS 


Ta = 25°C | Voc = 5.25V: 
Ta = 0°C }+80% DUTY 
CYCLE 


POWER SUPPLY CURRENT 


OUTPUT HIGH LEVEL 
VOLTAGE R, = 1.5K + 5% ohms, 


external 


INPUT HIGH LEVEL V 
VOLTAGE (ALL INPUTS) 

INPUT LOW LEVEL 

VOLTAGE (ALL INPUTS) 


OUTPUT LOW LEVEL 


VOLTAGE R, = 1.5K + 5% ohms, 


external [2] 
NOTES: 1. Typical values are at 25°C and at nominal voltage. 
s The following was used to calculate IO . 
Vec (max.) — Voy (max.) 5.25 — 0.45 
| 5 ee, i .———_—_— 0 = 4. : 
OL AL tmin.J) I, (TTL device) eh 6=4.97mA 


Also note that the internal load resistor, Ri_|, has a value ranging from 500 ohms minimum to 2,200 ohms maximum. The internal 
load resistor can be used when driving from one 2401/2405 to another 2401/2405 or to other MOS inputs. 


POWER SUPPLY CURRENT (Ic) EFFECTIVE INPUT CHARACTERISTIC 
VS. DATA REP RATE 


CONSTANT DUTY 
CONSTANT PULSE a CYCLE = 80% 4 
WIDTH = 10us 


lec (mA) 
Vour (VOLTS) 
w 


CONSTANT PULSE 2 
WIDTH = 800 ns 


3 
1KHz 10KHz 100KHz IMHz 10 MHz 200 mV 


DATA REP RATE 
DEVICE INPUT 
SPEC 


WORST CASE 


TTL OUTPUT 


4 


200 mV Vin (VOLTS) 


2401, 2405 


A. C. Characteristics Ta = O°C to 70°C, Veg = +5V +5% unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNITS TEST ae 


FREQ. MAX. MAX. DATA 
REP. RATE 


FREQ. MIN. | MIN. DATA 1 KHz Ta = ape C 
REP. RATE 2511] KHz Ta = 70°C 


topw CLOCK PULSE 0.80 10 | us 
WIDTH | 
CLOCK PULSE 0.20 1000 US 
DELAY 0.20 40 US 


CLOCK RISE 
AND FALL 7 ec Ce 


WRITE TIME 
HOLD TIME a Ce 
NOTE: 1. 100 kHz in plastic (P) package. 


sae lal 
Capacitance 1, =25°c 


LIMITS 
a PARAMETER MIN. TYP. MAX. 


DATA, W/R & CS INPUT 
__ SS 


: 


RL = 1.5K + 5% ohm, 


FROM CLOCK EXTERNAL 
OR CHIP C= 100pF 
SELECT 


ONE TTL LOAD 


ALL PINS AT AC 
GROUND; 250 mV 
PEAK TO PEAK, 

1MHz 


BIT n+1 BIT n+2 


CLOCK 


DATA, 
W/R, 
cS 


OUTPUT IF CHIP 
CONTINUOUSLY 
SELECTED 


“0” OUT 


CS 


OUTPUT IF CS IS 1.5V 

PULSED (OUTPUT 

IS HIGH WHEN 

UNSELECTED) OUTPUT ta ta 


“1 OUT 


"0" OUT 


2401, 2405 


D. C. Characteristics 


TEMPERATURE DEPENDENCE OF 


OUTPUT LOW LEVEL SINK CAPABILITY POWER SUPPLY CURRENT (I,;~) VS. AMBIENT TEMPERATURE (°C) 


2 
8 i 
© °o 
q Z 
3 - 
g 
= 
AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE ('C) 
A. C. Characteristics 
MINIMUM DATA RATE AND MAXIMUM CLOCK DELAY MINIMUM CLOCK PULSE WIDTH AND 
VS. AMBIENT TEMPERATURE FOR CERAMIC (C) PACKAGE EFFECTIVE MAXIMUM DATA RATE AT 80% 


DUTY CYCLE VS. 


100 KHz ¢ 10,5 
POWER SUPPLY VOLTAGE (V<,) 

25 KHz 40us SPECIFIED = 
PS 
= 
ud 

10 KHz 100us = 
> 
oO 
> 
- 
> 
a 
32 
o 

> co 
£ - 
Bespin 1 KHz Tims MAXIMUM sg a 
CLOCK E - 
: x 
DELAY (tg) & Pd 
i. < 
— 
< 
(ao) 
x 
= 
100 Hz & 10 ms 7 
2 
and 
oO 
ud 
u 
uw 
wi 
10 Hz ; 100 ms 
10 20 30 40 50 60 70 Veg (VOLTS) 


AMBIENT TEMPERATURE (°C) 


Typical Application Of TTL Compatible Shift Registers 


Vee = +8 VOLTS 


ACCESS TIME VS. LOAD CAPACITANCE 


Ry = 1.5KQ2 + 5% ohms, 
external 


WRITE/ 
DTL/TTL RR ECIRCULATE 
CONTROL 


1.5KQ + 5% (1) 


w/R Vee R, OTL/TTL 


IN 2401/2405 OUT 


CSx CSy CLOCK 


- 

CHIP 
SELECT 
INPUTS 


OTL/TTL 


0 $0 756 760 >60 366 nee NOTE (1): The 2401/2405 is directly compatible device to device. 
LOAD CAPACITANCE (pF) An external 1.5KQ + 5% load resistor is recommended for driving 
one TTL load with the 2401/2405 output. 
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2464 


65,536 BIT CCD SERIAL MEMORY 
Organization: 256 Recirculating Shift Registers of 256 Bits Each 


= TTL-Compatible, 10pF Inputs and Output m# Page Mode Operation 


Including Clocks = Standard +12V, -5V Power Supplies 
@ 130usec Average Latency = High Density 18-Pin Package — 
@ 285 nsec Access Time Standard 300-mil Width 
@ 2.5 MHz Data Rate @ Three-State Output 


The Intel® 2464 is a 65,536-bit CCD serial memory designed for low-cost bulk store, swapping store, and buffer memory 
applications. The 2464 incorporates several features which allow it to be used in both large and small systems. These 
features are: TTL-compatible 10pF inputs including clocks, wide dynamic operating range, high performance, operation 
over the full commercial temperature range, standard 300-mil wide DIP packaging, and versatility. 


The 2464 is organized as 256 short recirculating loops of 256 bits each. Any one of the 256 loops can be accessed by 
applying an appropriate 8-bit address along with CE. All 256 loops shift synchronously under the control of two shift 
clocks: SE and SYNC. The maximum shift rate is 1MHz for an average latency time of 130usec, providing very high 
performance with easily-designed low-frequency clocks. 


The short loop approach and subsequent square architecture of the device makes it feasible to use the 2464 as aserial or as 
a paging device. One distinct advantage of page mode operation is that the data rate can be maximized (2.5 MHz) at the 
same time the shift rate is minimized, providing high performance at low power dissipation. This is possible because the 
shift clocks do not determine the data rate in this mode. 


The 2464 generates and uses an internal reference voltage which requires at least 10,000 shift cycles to stabilize, with 
power supplies at operating levels. After this start-up period, no special action is needed to keep the internal reference 
voltage stable. 


The 2464 is asurface-channel CCD fabricated using an advanced Intel N-channel, Silicon-gate MOS process. This process 
is an evolution of an existing Intel process used to fabricate 16K dynamic RAMs. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


2464 


18] Vpp 
17 [_] SE 
16 |_| Din 
15 [] Dout 
14 LJ A, 
13 L] Ag 
12 LJ As 
117) Ag 
10 L] Veg 


PIN NAMES 


ADDRESS INPUTS SENSE ENABLE 
DATA IN SYNCHRONIZE 
DATA OUT +12V 

WRITE ENABLE -5V 

CHIP ENABLE GROUND Ag 


TRUTH TABLE Ay 


1/256 DECODER 
1/0 CIRCUITRY 


NOT SELECTED Din — © = PIN NUMBER 


DISABLE OUTPUT 
WRITE 


57 


2464 


ABSOLUTE MAXIMUM RATINGS* 


| *COMMENT 
Temperature Under Bias ............ “10°C to +85°C Stresses above those listed under ‘‘Absolute Maximum Ratings’’ may 
Storage Temperature ............. “65°C to +150°C Cause permanent damage to the device. This is a stress rating only 
Voltage on Any Pin with and functional operation of the device at these or any other condi- 
RESPEClIOGIOUNG: .sces ese eweneeesse -0.3V to +16V tions above those indicated in the operational sections of this speci- 
Supply Voltages Vpop and GND fication is not implied. Exposure to absolute maximum rating condi- 
with RespecttoVpp .............008- -0.3V to +20V tions for extended periods may affect device reliability. 


D.C. CHARACTERISTICS 
TA = 0°C to 70°C, Vpp = +12V +5%, Vap = -5V +5%, unless otherwise specified 


2464 
in. Typ.(1] Max. Test Conditions 


Symbol Parameter 
HL Low Level Input Current -10 = 10 Vin S VIL 
HH High Level Input Current -10 +1 10 VIN = VIH 


lILo| Output Leakage Current Pt 0p Vout = GND to +5V 
Vit Input Low Voltage, All Inputs 


1 10 
0.3 0.8 
CE, SYNC and SE ene 9.9 V 
0.4 
2.4 


VOH Output High Voltage P24 0 V_ | loH =-2.0mMA 


OPERATING POWER CHARACTERISTICS 
Ta = 0°C to 70°C, Vpp = +12V +5%, Vap = -5V +5%, unless otherwise specified 


2464 
Symbol Parameter Typ.(1) Max. 


ID>D AVG _| Average Operating Vpp Supply Current mA 
A 
A 


1 1 
IDD2 lbp Component Two 2 3 mA/ 
MHz 
0 
5 


1 8 
5 8 
Ipb3 lbp Component Three 
8 re) 
0 


Test Conditions 


1 m 
lopa__|_ lop Component Four m 


5 


c= 


IBB1 Ves Standby Current 


no 
3 
ro) 
BSS 
=; 
| 

; 
> 


IBB2 Ves Average Active Current 


CAPACITANCE Ta = 25°C, f = 1.0MHz 


2464 
Parameter Typ.) = Max. Test Conditions 


Notes: 


1. Typical limits are for Vpp = +12V, Ves = -5V, Ta = 25°C and specified loading. 
2. IpDD Ava depends on system operation and can be calculated with the equation below. Refer to page 8 for a complete power discussion. 
SsY1 


T N T 
IDD AVG = —s Ipp1+ T Ipp2 + + Ipp3 + Ipp4 


Where: T = any arbitrary time period representative of device operation, specified in usec. 
Tce = total cumulative tce time during period T 
N = number of SE positive edges during period T 
Tssy1 = total cumulative tssy1 time during period T 


58 


A.C. CHARACTERISTICS 


2464 


Ta = 0°C to 70°C, Vpp = +12V +5%, Vap = -5V +5%, unless otherwise specified 


A.C. TEST CONDITIONS 


Condition 2464 
Input Pulse Levels 0.4V and 2.4V 
Input Rise and Fall Times 10 nsec 
Input and Output Timing Levels 0.8V and 2.2V 


Output Load 


1TTL Gate and CL = 100pF 


SEARCH OR REFRESH MODE 


Symbol | ——————séParameter =| 264 |_Unit 
tscyil!l] | SE Cycle Time with no SYNC Pulse 750 105 ns 
tscy2 SE Cycle Time with SYNC Pulse 1000 ns 
tscil!l__| SE Off Time with No SYNC Pulse ns 
tsc2 SE Off Time with SYNC Pulse 350 ns 
tssy1 SE On to SYNC On Time 105 ns 
tssy2__| SE Off to SYNC On Time Poors 
tsysi SYNC On to SE On Time 340 TBD ns 
tsys2 SYNC Off to SE Off Time ns 
tsyP SYNC Pulse Width ns 
tREF Time Between Refresh (256 SE Cycles) TBD ms 
WAVEFORMS 
tscy2 tscy1 tscy1 tscy1 tscy2 
tsp tsc2 tsp—> tsc1 
SE 
sssy2 tsysi1 tsys2 
tssy1 tsyp 
SYNC AY 


E=Vin 


Note: 1. For constant 1 MHz operation, use tscy1 = tscy2 = 1000ns and tsc1 = tsc2 = 350ns. 


2464 


PAGE OR SERIAL MODE 


Symbol Parameter a ae Unit 
tscy1 SE Cycle Time with No SYNC Pulse ns 
tscy2 SE Cycle Time with SYNC Pulse ns 
tsp SE Pulse Width ns 
tsc1 SE Off Time with No SYNC Pulse ns 
tsc2 SE Off Time with SYNC Pulse 350 ns 
tssy1 SE On to SYNC On Time 105 ns 


tssy2 SE Off to SYNC On Time 
tsys1 SYNC On to SE On Time 
tsys2 SYNC Off to SE Off Time 
tsyP SYNC Pulse Width 150 ns 
tSCE SE On to CE On 355 ns 
tCESY CE Off to SYNC On Time 
tcES CE Off to SE On Time 

tREF Time Between Refresh (256 SE Cycles) TBD ms 


= 
w 
0 
= | 
7 


340 


ol 
oO 
S 
17) 


=) 
n 


PAGE MODE TIMING WAVEFORMS 


[a snes ERE sin in ne nner 


ones eS | ee a 


SE 


SYNC 


SERIAL MODE TIMING WAVEFORMS 


i| 


SE 


['S8¥2, 


ANIAN 


tsce 


SYNC 


teyc!|"! 


Note: 1. tcyc = Read, Write or RMW data cycle. 
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2464 


READ CYCLE 
WRITE CYCLE 


Symbol | __ Parameter | 2B 
ns 
[Address Setup Time | Os 
[Address HoldTime | 80 
ns 
ns 
ns 
ns 


twcy 
tas 
tAH 
{CE 
tcc 
tCWL 
tCWH 
twc Write to CE Off Time 
tos 
tDH 


WAVEFORMS 
READ CYCLE 


tracy 
tas 


sons RX [1 _XXXXKKEXXKKEX_ 


= 
— 
tw 


SS 


tacc 


Unit 


ee 


WRITE CYCLE 


twey 
tas 
— tay 


wows XT XXKKKKKKKXEY 


“\\\\\\\ 


tps — 


oe 


Din ( 


DATA OUT = HIGH IMPEDANCE 


511 


2464 


READ-MODIFY-WRITE CYCLE 


WAVEFORMS 
READ-MODIFY-WRITE CYCLE 


-tawe-——— ied 
tas 


tan 
none KAKA) HH OO AA 


tcrw - > “tcc ——> 


"LLLLL LAA 


- RXKKXKKKKKKKKEKK__XXKKKKKKKEKEN 


) 
= 


Dout 


le — tex = 
\ 


t—+——— tace toHw 
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DEVICE DESCRIPTION 
MODES OF OPERATION 


The 2464 can be conceptualized as a drum organized into 256 
tracks and 256 pages, as illustrated in Figure 1. Each page 
consists of 256 bits, one bit from each track. 


Access to any random bit is accomplished by first rotating the 
drum (i.e., shifting the CCD array) to the page containing the 
desired bit. The time required to do this is referred to as the 
latency time, and is a function of the SYNC and SE clock rates. 
The desired bit is then selected from this page through the use of 
an 8-bit address and CE. 


Additional bits may be accessed from this page simply by 
changing the 8-bit address and cycling CE. This capability is the 
result of a characteristic of CCDs that allows them to pause at a 
page before resuming rotation. Short loop CCDs characteris- 
tically have large pages and are able to pause for relatively long 
periods. Long loop CCDs have shorter pages and more stringent 
pause time limitations. 


Figure 2a illustrates page mode operation. The 2464 uses an 8-bit 
address to randomly select any bit in the selected page. CE and 
WE are the signals used to control this operation. They function 
like the control signals of aRAM. In fact, each page can be treated 
as a 256-bit RAM. Access to other pages requires rotation of the 
drum. 


Figure 2b illustrates serial mode operation, which is actually a 
subset of page mode operation. Only one bit is removed from a 
page before rotation to the next page and the next bit. In this 
fashion, data is serially obtained from a track as the drum is 


CONTROLLED BY 
ADDRESSES Ayg—Az 


XI 
Bea 


BIT 255 - 


COLUMN OF 
READ/WRITE/REFRESH 
BUFFERS 


— PAGE 255 
PAGE 0 


PAGE 1 
PAGE 2 


<p 
ne AO 


FIGURE 1. ORGANIZATION 


SE 


HOLDI 
REGIST 


Dout 
SELECT 
Din 


WE 


2464 


r 
TRANSFER SHIFT 
CLOCKS CLOCKS 
OUTPUT 
NG he HOLDING 
ERS REGISTERS 


iL 


{Ving oF 


ADDRESS 


M4 - 


8-BIT 
ADDRESS 


a) PAGE MODE b) SERIAL MODE 


FIGURE 2. 


rotated. Although system applications usually limit serial access 
to a specific track, this is not a limitation of the device. Addresses 
can be changed on the fly during rotation, selecting bits from 
different tracks without interruption of the serial data stream. A 
practical application of this capability is to create long loops by 
moving from the end of one track to the beginning of the next 
track. 


Search mode operation and refresh mode operation are both 
similar to serial mode operation. The only difference is that CE is 
left high during search and refresh to disable operation of the 
RAM control circuitry. During this time WE, Din and the address 
lines are ignored by the device. Dout remains in a high- 
impedance state. The difference between search mode and 
refresh mode operation is the rate at which SYNC and SE are 
clocked. Search mode uses high clock rates to minimize latency 
times while refresh mode uses low clock rates to minimize power. 


SHIFT CONTROL CLOCKS 


The relationship between the two shift clocks, SYNC and SE, can 
best be understood by studying the operation of a single 256-bit 
loop. Figure 3 is a diagram of one loop that clearly shows the 
necessary relationships, although it is not an exact circuit 
schematic. 


Each 256-bit loop is actually broken up into four serial registers of 
64 bits, with 63 of the 64 bits contained in the array and the 64th bit 
contained in either the input or output holding register. These 
four serial registers are internally multiplexed to form the 
complete 256-bit loop. 


A SYNC pulse simultaneously loads four bits from the input 
holding register into the beginning of the loop (one bit into each 
64-bit register) and unloads four new bits from the end of the loop 


FIGURE 3. REPRESENTATIVE DIAGRAM OF ONE 256 BIT REGISTER 


5-13 


2464 


ee a. 


(one bit from each 64-bit register) into the output holding register. 
At any one time there are a total of 1024 bits, or four pages of 
information, residing in the holding registers of all 256 loops. 
These four pages are not randomly accessible to the user. 


SE pulses are counted to sequence through the four pages, one at 
a time. On the first leading edge of SE after aSYNC, the first 256- 
bit page is available — one bit from each of the 256 No. 1 registers. 
Data is automatically recirculated into the No. 1 input holding 
registers, where it can be modified with a Write. The system may 
remain at this page until a tscy1 or trer limitation forces the 
second leading SE edge. When the second leading SE edge 
occurs, the second page of information is available from the No. 2 
registers. Data can no longer be read from or written to the first 
page until the entire array has completed a full rotation. The third 
leading edge of SE selects the third page from the No. 3 registers 
and the fourth edge selects the fourth page from the No. 4 
registers. After every fourth SE, a SYNC pulse is required to 
continue rotation of the CCD array. 


The advantage of the 1-for-4 multiplex scheme is power 
reduction. Although there are 256 SE pulses between refreshes, 
there are only 64 SYNC pulses and 64 actual shifts of the array. 
Since a considerable portion of the total power dissipation can be 
in the CV2f shift power dissipation, a reduction in shift frequency 
reduces power. Device performance remains high since latency 
times and serial data rates are determined by the higher- 
frequency SE clock. 


POWER DISCUSSION 


The flexibility of the 2464 can make a calculation of power 
dissipation complicated. There are three types of data cycles and 
four types of operating modes. Combined with shift and data 
frequencies that can be chosen from a very wide dynamic 
operating range, there are an infinite number of ways the device 
can be operated. 


To solve this problem, an equation has been developed which can 
determine 2464 power consumption for any condition. This 
equation appears in the power table and is repeated here. 


, N 
— opr + = Inve + ts 


| = 
DD AVG + T 


lIpp3 + Ipp4 


The first term of the equation represents the power involved in 
Chip Enabling the device. This term is a function of the duty 
cycling of CE and is therefore calculated as the total amount of 
time the chip is enabled, Tce, during the time period of interest, T. 
Tce can be calculated as the chip enable time for one data cycle, 
tce, multiplied by the number of data cycles in time T. 


The second term of the equation represents SYNC and SE power 
dissipation. The SYNC and SE power term is frequency related, 
although it does not matter to the power calculation whether the 
SYNC and SE clocks are distributed or operated in burst-mode. 
The internal 2464 design only uses the edges of these signals and 
power is a function of the number of edges, not the duration of the 
SYNC and SE pulses. N is defined as the number of SE pulses 
during time T. 


The third term is the power dissipation related to device 
operation during the time between the fourth SE pulse and the 
following SYNC pulse. During this time the 2464 uses a small 
amount of power. For absolute lowest refresh power, 


TABLE 1. TYPICAL POWER DISSIPATIONS 


Mode of Operation 
Page Mode at 2.5 MHz 
Serial Mode at 1 MHz 


Search Mode for 130usec Avg. Latency 
for 400usec Avg. Latency 


Refresh Mode for 2msec Refresh 
for 4msec Refresh 
for 10msec Refresh 


separation between the two pulses should be kept to a minimum. 
The fourth, and final power term is the constant power 
dissipation used in the internal TTL-to-MOS level translation of 
the three asynchronous signals CE, SYNC and SE. 


Table 1 contains a table of the average power dissipation for each 
mode of operation, at the frequencies shown. In each case, time T 
has been chosen to be a time period over which operation is 
periodic to calculate average power dissipation. In the case of 
page mode, this is the cycle time of CE. For serial mode and 
search mode, this is the cycle time of SYNC. For refresh mode, the 
refresh time of the part has been chosen. 


POWER CALCULATION EXAMPLE 


The versatility of the 2464 allows the user to define mixed mode 
operation. Since this involves a more complicated power 
calculation than for single mode operation, an example is worked 
out here. Acycle is defined which searches at 1MHz for a 2K block 
of data (Search mode), then transfers the data block at 2.5MHz 
from eight consecutive pages (Page mode), and finally wraps the 
device around to the starting position to complete a refresh 
(Refresh mode). This entire operation occurs during time T. 


The average search time is 128usec (128 shifts at 1MHz). Once the 
first page of interest is found, the 2464 drops into page mode and 
pulls the first 256-bit page of data at 2.5MHz in 102.4 usec (256 x 
400ns). A shift requiring 1 usec loads the second 256-bit page, 
then read operation is continued. A full 2K block is transferred by 
reading a total of 8 consecutive pages and requires 826.2usec 
(8 x 102.4 usec + 7 x 1 usec). Following data transfer, the 2464 
enters refresh mode for the time remaining defined by the cycle T. 


For fastest operation, the remaining 121 shifts take 121usec fora 
total cycle time of 1075.2usec. The typical average power 
dissipation required is 117mW, as shown in the first exercise in 
Table 2. The second exercise points out an interesting feature of 
the 2464. The latency time is independent of refresh time. As an 
example, the cycle time can be extended to T = 4ms (assuming 
refresh specifications allow this) while maintaining the 128usec 
average latency time. The typical average power required falls to 
only 72mW because the device spends 3msec out of the total 
4msec in a low power refresh mode. As the summary in Table 3 
shows, 2464 power dissipation falls as the time between block 
requests increases, even though performance is maintained. 


TABLE 2. POWER CALCULATION EXAMPLE 
Typical 
Ipp AVG 


T Tce “ee 
t (tutte) (mA) 
1.08| 0.536 | 0.239 | 0.229 | 14.76 
msec 
40 | 0.143 | 0.064 | 0.061 
msec 


TABLE 3. SUMMARY OF EXAMPLE 


| Exercise 1 | Exercise 2 
Block Size 2048 Bits 2048 Bits 
Avg. Latency Time 130 ywsec 
Data Rate 2.5 MHz 2.5 MHz 
T 4.0 msec 
the Typical Power Dissipation 177mMW 72mW 
Tce | N (mnz)|  [ssvt Typical Typical 
T (us) T + “T Ipp AVG (mA) Ppp AVG (mW) 
SSS A a 
[40 | ozo | 10 | 016 | 905 ~| 366 
4.0 1.0 0.16 27.4 329 
12.4 0.323 0.05 10.8 129 
0.02 72 
0.01 4 53 
0.004 me 41 


MEMORY SUPPORT CIRCUITS 


Electrical Characteristics 
Over Temperature 
Input 
to Power 
Output Dissipation[1] Page 
a Description ati Max. Maximum a =e 


1 of 8 | 1ofBBinary Decoder = Decoder }  18ns | 350mW 
| Quad LL La to MOS Level ie Ties pao +16, +19 = 7 
Shifter and Driver 
3207A-1 Quad Bipolar to MOS Level 25ns 1040mW +5, #19, #22 
Shifter and Driver 


| 3208 Hex Sense | Hex Sense Amp for MOS Memories | for MOS Memories ) 20ns | 60omw } 6-13 | 


4K | 4K Dynamic RAM Refresh Controller | RAM Refresh ee — 

4K Dynamic RAM Address bce x mW 

Multiplexer and Refresh Counter 

16K Dynamic RAM Address 20ns 825m W 6-2 
Multiplexer and Refresh Counter 

Quad TTL to MOS Driver for 32ns 388m W +12, +5 

4K RAMs 


| High Speed 6-Bit Latch Speed | High Speed 6-Bit Latch Latch pans | 375mw | 


= Hex Sense Amp and Latch for pees Lee 
MOS Memories 
= [peer [pp 
Driver for 4K RAMs 
‘6-37 
5235-1 High Speed Quad Low Power TTL 16 95ns 240m W 12 
| thes terariceaawe™™ | | me | em | 


Note 1. Power Dissipation calculated with maximum power supply current and nominal supply voltages. 


SCHOTTKY BIPOLAR 


CMOS 
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intel 
3205, 3404 


3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 
3404 HIGH SPEED 6-BIT LATCH 


@ 18ns Max. Delay Over 0°C to 75°C @ Low Input Load Current: .25mA Max., 
Temperature: 3205 1/6 Standard TTL input Load 

@ 12ns Max. Data to Output Delay = Minimum Line Reflection: Low 
Over 0°C to 75°C Voltage Diode Input Clamp 


Temperature: 3404 


= Outputs Sink 10mA Min. 
= Directly Compatible With DTL and P 


TTL Logic Circuits m 16-Pin Dual In-Line Package 
m Totem-Pole Output = Simple Expansion: Enable Inputs 
3205 


The 3205 decoder can be used for expansion of systems which utilize memory components with active low 
chip select input. When the 3205 is enabled, one of its eight outputs goes ‘‘low’’, thus a single row of a memory 
system is selected. The 3 chip enable inputs on the 3205 allow easy memory expansion. For very large memory 
systems, 3205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memo- 


ry expansions. 


3404 
The Intel 3404 contains six high speed latches organized as independent 4-bit and 2-bit latches. They are 
designed for use as memory data registers, address registers, or other storage elements. The latches act as high 


a 


speed inverters when the ‘’Write’”’ input is “low”. 


The Intel 3404 is packaged in a standard 16-pin dual-in-line package; and its performance is specified over the 
temperature range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain 
fast switching speeds results in higher performance than equivalent devices made with a gold diffusion process. 


PIN CONFIGURATION 
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3205, 3404 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias: | Ceramic —65°C to +125°C *COMMENT 

Plastic —65°C to +75°C Stresses above those listed under ‘‘Absolute Maximum Rat- 
ing’’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at 
All Output or Supply Voltages —0.5 to +7 Volts any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
device reliability. 


Storage Temperature —65°C to +160°C 


All Input Voltages —1.0 to +5.5 Volts 
Output Currents 125 mA 


D.C. CHARACTERISTICS 1, =0°C to +75°C, Veg = 5.0V +5% 
3205, 3404 


LIMIT 
SYMBOL PARAMETER MIN. MAX. UNIT TEST CONDITIONS 


<__|_INPUT FORWARD ctawP VOLTAGE, [10 | _V_| Yop =478V.ig=-80mA 
[Voc | ourrurtowrvorrace [0a [0] Weg =A5V. Toy = 100A 
[Yon | outer wiGnvorrace | a4 [| ¥ | Voc =475V.tog=—18mA_ 
Ty, [nur tow vourace 0m Vd eg 


a : 
SC OUTPUT HIGH SHORT —120 mA Voc = 5-0V, Voyyz = OV 
CIRCUIT CURRENT 
Vox OUTPUT ‘‘LOW’’ VOLTAGE 0.8 V Veco = 9-0V, lox = 40 mA 
@ HIGH CURRENT 


3205 ONLY 


3404 ONLY 
75 mA Vcc = 5.25V, Outputs Open 


POWER SUPPLY CURRENT 
lea WRITE ENABLE LOAD CURRENT —1.00 Vee =8:25V, Vy =0.45V 
PIN 7 
Voce =8-25V, Vy =0.45V 


lewo WRITE ENABLE LOAD CURRENT —0.50 
PIN 15 
sw Vp =5.25V 


WRITE ENABLE LEAKAGE CURRENT 10 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT “LOW” VOLTAGE OUTPUT “HIGH” VOLTAGE DATA TRANSFER FUNCTION 
0 


TEP 
vt 
Perse TT | Yrnton 
TTT A 
TEA 
aan7 40000 
oa. cee 
Bis” 
CT hee 
aA ee TTT 
0 


2 4 6 8 1.0 0 1.0 2.0 3.0 4.0 5.0 0 2 4 6 8 1.0 1.2 14 16 1.8 2.0 
OUTPUT “LOW” VOLTAGE (V) OUTPUT “HIGH” VOLTAGE (V) INPUT VOLTAGE (V) 


< 


< 


x 


< 


< 


uA 


100 


ao 
o 


a 
°o 


40 


OUTPUT CURRENT (mA) 
OUTPUT CURRENT (mA) 
OUTPUT VOLTAGE (V) 
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3205, 3404 


3205 HIGH SPEED 1 OUT OF 8 BINARY DECODER 
SWITCHING CHARACTERISTICS 


Vec 


CONDITIONS OF TEST: TEST LOAD: 


Input pulse amplitudes: 2.5V 


Input rise and fall times: 5 nsec 
between 1V and 2V 


Measurements are made at 1.5V 


All Transistors 2N2369 or Equivalent. C, = 30 pF 


TEST WAVEFORMS 


ADDRESS OR ENABLE 
INPUT PULSE 


<_< ett i 


Fs Vs easeseses ses e888 F288 88882224 


OUTPUT 


| a 
ae 

=) 
eo 
=o 
tee 
=n 


see eee we eee ee Cease ewe weeeeseowoe 


A.C. CHARACTERISTICS = T, = 0°C to +75°C, V.. = 5.0V +5% unless otherwise specified. 
PARAMETER MAX. LIMIT TEST CONDITIONS 


ADDRESS OR ENABLE TO 


4 OUTPUT DELAY 


INPUT CAPACITANCE P3205 ; pF f = 1 MHz, Vcc = OV 
C3205 , VBIAS = 2.0V,Ta~ = 25°C 


1, This parameter is periodically sampled and is not 100% tested. 


TYPICAL CHARACTERISTICS 


ADDRESS OR ENABLE TO OUTPUT ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE DELAY VS. AMBIENT TEMPERATURE 


ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 
ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 


0 50 100 150 200 
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) 
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3205, 3404 


3404 6-BIT LATCH 


SWITCHING CHARACTERISTICS 


CONDITIONS OF TEST: TEST LOAD: 
Input pulse amplitudes: 2.5V 
Input rise and fall times: 5 nsec 


between 1V and 2V 
on 2K 


I 


TEST WAVEFORMS . 
MEASUREMENT FOR DATA DELAY MEASUREMENT FOR WRITE ENABLE DELAY 


"rn 


Measurements are made at 1.5V 


= Ail Transistors 2N2369 or Equivalent. Cy = subF = 


DATA DATA ’ 
= feet up| ‘ woo ~~ — twp | tHotp IM — 
ATV WRITE | | 
ENABLE ENABLE | 
| 
<>, ot, \j<—_—re- tit, 
a ¢ 
OUT NOTE 1 OUT NOTE 2 


mea nwweneae ead 


NOTE 2: Output Datais validaftert —,t 


eee eee ea 


NOTE 1: Output Data is valid after tal - 


a 


A.C. CHARACTERISTICS 17, = 0°C to +75°C, Vee = 5.0V +5%; unless otherwise specified. 


SYMBOL PARAMETER 


MIN. | TYP UNIT TEST CONDITIONS 
Tenis [oararooureuroriay i a 
Pioaay [WRITE ENABLE TO OUTPUT DELAY | 


tseET UP TIME DATA MUST BE PRESENT BEFORE 12 
RISING EDGE OF WRITE ENABLE 

tHOLD TIME DATA MUST REMAIN AFTER ns 
RISING EDGE OF WRITE ENABLE 


Ciyp(3) | DATA INPUT CAPACITANCE P3404 f = 1 MHz, Vcc = OV 


Ciywi3) =| WRITE ENABLE CAPACITANCE P3404 | | 7 | f = 1 MHz, Vcc = OV 


VeIAS = 2.0V, Ta = 25°C 
NOTE 3: This parameter is periodically sampled and is not 100% tested. 


TYPICAL CHARACTERISTICS 


E 
nw 


DATA INPUT, WRITE ENABLE DATA INPUT, WRITE ENABLE 
TO OUTPUT DELAY VS. TO OUTPUT DELAY VS. WRITE ENABLE PULSE WIDTH 
LOAD CAPACITANCE AMBIENT TEMPERATURE VS. LOAD CAPACITANCE 

20 
z. a 15 z 
32 a : 
w wi ‘ 
FE = a 
Ee $2 10 5 
—) —) Ww 
a5 EG DATA OR WRITE ENABLE t_. : 
Se a = 
a2 a2 E 
= x 

0 

0 25 50 75 
LOAD CAPACITANCE (pF) AMBIENT TEMPERATURE (°C) LOAD CAPACITANCE (pF) 
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intel 
3207A 


QUAD BIPOLAR-TO-MOS 
LEVEL SHIFTER AND DRIVER 


m@ High Speed, 45 nsec Max. — Delay 
+ Transition Time Over Temperature 
with 200 pF Load 

@ TTL and DTL Compatible Inputs 

m@ 1103 and 1103A Memory Compatible 
at Output 

g Simplifies Design — Replaces 

Discrete Components 


m Easy to Use — Operates from Standard 
Bipolar and MOS Supplies 


= Minimum Line Reflection — Input and 
Output Clamp Diodes 


@ High Input Breakdown Voltage — 
19 Volts 


m= CerDIP Package — 16 Pin DIP 


be 
a 
© 
Sa 
a 
—- 
=D 


The 3207A is a Quad Bipolar-to-MOS level shifter and driver which accepts TTL and DTL input signals, and 
provides high output current and voltage suitable for driving MOS circuits. It is particularly suitable for driving 
the 1103 and 1103A memory chips. The circuit operates from a5 volt TTL power supply, and Vss and Vgp 
power supplies from the 1103 and 1103A. 


The device features two common enable inputs per pair of devices which permits some logic to be done at their 
inputs, such as cenable and precharge decoding for the 1103 and 1103A. 


For the TTL inputs a logic “1” is Vy and a logic “0” is Vi. The 3207A outputs correspond to a logic ‘’1”’ as 
VoL and a logic ‘‘O” as Voy for driving MOS inputs. 


The 3207A is packaged in a hermetically sealed 16 pin ceramic dual-in-line package. The device performance 
is specified over the same temperature range as the 1103 and 1103A, i.e. from O°C to +70°C. 


PIN CONFIGURATION LOGIC SYMBOL 


0, 
E, 
OUTPUT OUTPUT : 
DATA INPUT DATA INPUT i 0, 
ENABLE INPUT ENABLE INPUT 
ENABLE INPUT ENABLE INPUT 
DATA INPUT DATA INPUT 3 0, 
OUTPUT OUTPUT : 
D, 0, 
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3207A 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ......... 0°C to +70°C *COMMENT 

Storage Temperature........... —65°C to +160°C Stresses above those listed under ‘’Absolute Maximum Ratings’’ may 
All Input Voltages and Vgc... .------ —1.0 to +21V cause permanent damage to the device. This is a stress rating only 
Supply Voltage Voc... ee eee eee eee —1.0 to+7V and functional operation of the device at these or at any other con- 
All Outputs and Supply Voltage dition above those indicated in the operational sections of this 
Vag with respect toGND......... _1.0 to +25V specification is not implied. Exposure to absolute maximum rating 
Power Dissipation at 5°C............ 2 Watts (1) conditions for extended periods may affect device reliability. 


(1) Refer to the graph of Junction Temperature versus Total Power Dissipation on page 5-10 for other temperatures. 


D.C. CHARACTERISTICS 1T,=0°C to 70°C, V.= 5V + 5%, Veg = 16V + 5%, Vag— Veg= 3.0V to 4.0V 


SYMBOL TEST co « UNIT CONDITIONS 


ce 
= a pe 


DATA INPUT LEAKAGE 
CURRENT 


DATA INPUT LOAD CURRENT 


Vp = .45V, Vo = 5,25V, All Other Inputs 
at 5.25V, Veg = “ey, Veg” 19V 


Ve = 45V ee 5.25V, All Other Inputs 
at 5.25V, Vss> 16V, VeR™ 19V 


Vp = 19V, Vog= 5.0V, All Other Inputs 
Grounded, Mes 16V, Ven” 19V 


ENABLE INPUT LEAKAGE Ve = 19V, Vog= 5.0V, All Other Inputs 
CURRENT Grounded, Vo, = 16V, Va g= 19V 


OUTPUT “‘LOW” VOLTAGE 


‘tn 500A, Vec™ 4.75V 
Veg 16V, Ven 19V 
All Inputs at 2.0V 


V(70°C) 


OUTPUT “HIGH” VOLTAGE 


—500UA, Vog= 5.0V 
= 16V, V, 37 19V 


V(25°C) Mie 
V(70°C) All Inputs at 0.85V 


loy = 5MA, Veg = 5.0V 
Voy (MAX,) Vgg + 1.0 Vv OF , CC 
™ OUTPUT SINK CURRENT 100 mA Vo = 4V, Veg= 5:0V, Veg 16V, 
= 19V, V_= V)= 2.0V 
* a 


Veg 
= Veg —4V, Vog= 5.0V, Vag = 16V 


oO 
ep) 
7p) 


= 5.0V, er 16V, VeR™ 19V 


INPUT “‘HIGH” VOLTAGE co OV, Veg = 16, Veep = 19V 


INPUT CAPACITANCE Veias> 


POWER SUPPLY CURRENT DRAIN: 
All Outputs “Low” 


Current from Voc ee 


All Outputs ‘““‘High” 


Sune: trom Veg pm 


placiald dls rr ae 
sboeulsud es ae 


Standby Condition with Vcc =OV, Vss - Veep 


[ce |__ewantom veg dm 
Piss | uenitomvgs 
ce 


Vec = 9.25V, Vgg = 16.8V, Veg = 20.8V 


All Inputs Open 


All Inputs Grounded 


PITOTAL Total Power Dissipation 
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3207A 


SWITCHING CHARACTERISTICS 


A.C. CHARACTERISTICS 
T, = 0°C to 70°C, Voc = 5V +5%, Veg = 16V +5%, Van = Veg +3 to 4V, f = 2 MHz, 50% Duty Cycle 


LIMITS (ns) 
) 


SYMBOL DELAY DIFFERENTIAL | 
C, = 100 pF C, = 200 pF C, = 200 pF 
MIN. MAX. MIN. MAX. MAX. 


INPUT TO OUTPUT DELAY 
INPUT TO OUTPUT DELAY 
OUTPUT RISE TIME 

OUTPUT FALL TIME 

DELAY + RISE OR FALL TIME 


(1) This is defined as the maximum skew between any output in the same package, eg., all the input to output delays for the 
t_, parameter are within a maximum of 10 nsec of each other in the same package. 


WAVEFORMS 2 oe 
Vss a 
=a 
OUT 2V 2v 
LY YY 
ten t¢— 


tp 
t+ [ a 
\ 1.5V oe 
r ft 


GND 


TYPICAL CHARACTERISTICS 


SWITCHING TIME VS. SWITCHING TIME VS. 
AMBIENT TEMPERATURE LOAD CAPACITANCE 


= 16V 
= T9V 


E = 200 pF & 
Ww Lu 
= = 
= ~ 
9 ©) 
> = 
I I 
oO oO 
i F 
= = 
ioe) ep) 
AMBIENT TEMPERATURE (°C) LOAD CAPACITANCE (pF) 
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3207A 


POWER AND SWITCHING CHARACTERISTICS 


POWER CONSUMED IN CHARGING AND 
DISCHARGING LOAD CAPACITANCE NO LOAD D.C. POWER DISSIPATION VS. 
OVER OV TO 16V INTERVAL OPERATING DUTY CYCLE 


Voc = 5V 
Veg = 16V + 5% 


a 
< 
O = 
o = 
€ 2 
= 5 
E= F 
= & a 
ep) z LA 
=< = 
a > 
Ww g ar 
= a = 
= 
i 
O 
O . 
ie fa) 
Ww 
= 
re) 
[38 
0 50 75 100) 
SWITCHING DUTY CYCLE (%) 
FREQUENCY OF SWITCHING (MHz) 
POWER =CV2f 
WORST CASELOAD CAPACITANCE 
JUNCTION TEMPERATURE VS. TOTAL ON EACH OUTPUT VS. 
POWER DISSIPATION OF THE CIRCUIT FREQUENCY OF SWITCHING 
400 
OPERATING IN THIS REGION IS NOT 
RECOMMENDED 
9 oO 300 
= = 
S x 
ro) Ow 
[os 
O ee 
Ww = = 
oa Ca 
a OE 
x S85 
< GO 200 
a ao SAFE OPERATING 
Te <u REGION 
= Zz 
= ne) 
ep) 
e Z 
= 
oO = 
Zz 100 
> 
-Vec = 5V, Voss = 16V, Veep = 19V 
Ta = 70°C 
-MAX. JUNCTION TEMPERATURE = 150°C 
0 : 
0 0.5 1.0 15 2.0 0 1 2 3 4 


TOTAL POWER DISSIPATION OF THE CIRCUIT (W) 
TOTAL POWER = D.C. POWER + POWER CONSUMED IN 
CHARGING AND DISCHARGING LOAD CAPACITANCE. 


FREQUENCY OF SWITCHING (MHz) 


intel 
3207A-1 


QUAD BIPOLAR-TO-MOS 
LEVEL SHIFTER AND DRIVER 


= Power Supply Voltage Compatible m@ 1103-1 Memory Compatible 
with the High Voltage 1103-1 at Output 


The Intel 3207A-1 is the high voltage version of the standard 3207A, and is compatible with the 1103-1. The 
3207A-1 has all the same features as the standard 3207A. The absolute maximum ratings and pin configuration 
are repeated below for convenience, while the DC and AC characteristics appear below and on the next page. 


PIN CONFIGURATION LOGIC SYMBOL ABSOLUTE MAXIMUM RATINGS* 
D, 5: Temperature Under Bias .......... 0°C to +55°C 
E, ' Storage Temperature ........... —65°C to +160°C 
OUTPUT OUTPUT c. All Input Voltages ............ —1.0 to +21 Volts 
DATA INPUT DATA INPUT A 0, Supply Voltage Voc ........... —1.0 to +7.0 Volts 
, 
caecum abar SRASLE GUT All Outputs and Supply Voltages Veg and Ves 
with respect to GND........... —1.0 to +25 Volts 
aiaalaaial direc Power Dissipation at 25°C. .............. 2 Watts 
DATA INPUT DATA INPUT ' 0, 
E. COMMENT: 
OUTPUT OUTPUT E Stresses above those listed under ‘‘Absolute Maximum Ratings” 
‘ may cause permanent damage to the device. This is a stress rating 
D, 0, only and functional operation of the device at these or at any 


other condition above those indicated in the operational sections 
of this specification is not implied. Exposure to absolute maxi- 
mum rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS T, = 0°C to 55°C, Voc = SV + 5%, Veg = 19V + 5%, Vag —Vos = 3.0V to 4.0V 


SYMBOL TEST TT CONDITIONS 


lep DATA INPUT LOAD CURRENT —0.25 Vp > = .45V, Vec™ 5.25V, All Other Inputs 
at 5.25V, Veg = 19V,V.5= 23V 
lee ENABLE INPUT LOAD CURRENT —0.50 Ve = 45V, vee 5.25V, All Other Inputs 
at 5.25V, Veg 19V, Vea 23V 
DATA INPUT LEAKAGE 20 LLA Wry = 19V, Vec = 5.0V, All Other Inputs 
CURRENT Grounded, Vee = 19V, VeR= 23V 
ENABLE INPUT LEAKAGE 
CURRENT 


OUTPUT “’LOW” VOLTAGE V(0°C) = 500A, Ve a 4.75V 
V(25°C) Veg = 19V, Ver = S3v 
V(55°C) All Inputs at 3. OV 


Ve = 19V, 7s 5.0V, All Other Inputs 
—— = 19V, Ven” 23V 


All Inputs at 0.85V 


ae our (e) 
VOoH (MIN.) OUTPUT “HIGH” VOLTAGE Ves 4 V(O-C) 


V(25°C) 
V(55°C) 
Vay (MAX.) 
OUTPUT SINK CURRENT mA V5, 4¥, ce 5.0V,Vog= 19V, 
Vig" 23V;, V= V~ 2.0V 
—100 mA by > Mag AV, Ven SOV, 1 = 18V 
ne 23M, V_ = V, = 0.85V 


Cin INPUT CAPACITANCE 8(Typical) Veiag® 2.0V, ae OV 


6-11 


V 


3207A-1 


D.C. CHARACTERISTICS (Cont'd) 1, = 0°C to +55°C, Vog = SV + 5%, Vag = 19V + 5%, Vag —Veg = 3.0V to 4.0V 


POWER SUPPLY CURRENT DRAIN: 
All Outputs “Low” 


Symbol Parameter 


rr 


Voc = 9.25V, Voc = 20V, Vep- 24V 


All Inputs Open 


Total Power Dissipation 


All Outputs “High” 


Standby Condition with Vec =OV, Vss = Veep 


fico | curenttromveg | | 
iss | Grentom yg «| 


A.C. CHARACTERISTICS 
T, = 0°C to 55°C, Voc = 5V +5%, Veg = 19V +5%, Vag = Veg +3 to 4V, f = 2 MHz, 50% Duty Cycle 


LIMITS (ns) 


SYMBOL DELAY DIFFERENTIAL" 
C, = 100 pF C, = 200 pF 
MIN. MAX. 


All Inputs Grounded 


INPUT TO OUTPUT DELAY 
INPUT TO OUTPUT DELAY 
OUTPUT RISE TIME 
OUTPUT FALL TIME 

| DELAY + RISE OR FALL TIME 


(1) This is defined as the maximum skew between any output in the same package, eg., all the input to output delays for the 
t_, parameter are within a maximum of 10 nsec of each other in the same package. 


WAVEFORMS 
Vss 
OUT 2V 2v 
Y VY 
t. t; > tp 
\ 1.5V a 
3 4 


GND 


Intel 
3208A, 3408A 
HEX BIPOLAR SENSE AMPLIFIERS 


FOR MOS CIRCUITS 


3208A HEX SENSE AMPLIFIER 
3408A HEX SENSE AMPLIFIER WITH LATCHES 


m@ High Speed — 20nsec Max. @ Two Enable Inputs 
@ Wire-OR Capability — 
Open Collector Output: 3208A 
Three-State Output: 3408A 
m Single 5V Power Supply m Plastic 18 Pin Dual In-Line Package 


@ Input Level Compatible with @ Schottky TTL 
1103 Output 


=& Minimum Line Reflection: Low 
Voltage Diode Input Clamp 


The Intel 3208A is a high speed hex sense amplifier designed to sense the output signals of the 1103 memory. 
The device features two separate enable inputs each controlling the output state of three sense amplifiers, and a 
common voltage reference input. OR-tie capability is available with the 3208A open collector TTL compatible 
output. 


The 3408A is a hex sense amplifier with a latch circuit connected to each amplifier. The sensed data may be 
stored in the latches through application of a write pulse. The 3408A has three-state TTL outputs, hence in the 
non-enabled state the outputs float allowing wire-OR memory expansion. The latches may be bypassed by 
grounding the write input pin. Under this condition, the 3408A functions as a hex sense amplifier. 


The 3208A and 3408A operate from a single +5 volt power supply. Device performance is specified over the 
complete ambient temperature range of O0°C to 70°C and over a Vcc supply voltage range of 5 volts +5%. The 
3208A and 3408A are packaged in an 18 pin plastic dual in-line package. 

PIN CONFIGURATIONS BLOCK DIAGRAMS 


3208A E, 


V 


a 
VV 


Sa 


O4 


3208A 3408A 


& 
7S 


Ss 


Os 


a a 
VV 


PIN NAMES 


S¢ 


$1,582, 83, $4, $5, Sg SENSE AMP INPUTS O05 


S¢ 
= oO 
E,, E> ENABLE INPUTS - © ’ 
E 
REF REFERENCE INPUT : te ; Veo 
01,02,03,04,05,0g OUTPUTS (Non-inverting) @®- ono ‘@ © - ono 
WwW WRITE INPUT (3408A only) O PIN NUMBER O - PIN NUMBER 
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3208A, 3408A 


ABSOLUTE MAXIMUM RATINGS* 


“COMMENT: 

Temperature Under Bias —55°C to +125°C Stresses above those listed under ‘Absolute 
Storage Temperature —65°C to +160°C Maximum Rating’’ may cause permanent damage 
All Outputs or Supply Voltage —O0.5 to +7 Volts to the device. This is a stress rating only and 
All TTL Input Voltages —1 to +5.5 Volts functional operation of the device at this or at 
All Sense Input Voltages —1 to +1 Volt any other condition above those indicated in the 
Output Currents Total 300mA Operational sections of this specification is not 
Input Current 125mA implied. 


D.C. CHARACTERISTICS FOR 3208A T, = 0°C to 70°C, Vog=5V +5% 
SYMBOL PARAMETER NIT 


TEST CONDITIONS | 
~0.25 mA Voc = 5.25V 
V_ = 0.45V 
20 A Voc = 4.75V 
Va = 5.25V 


Voc = 5.0V 


=f 
~< 
= 
> 
x 


Ice | INPUT LOAD CURRENT ON 
ENABLE INPUT 


INPUT LEAKAGE CURRENT 
ON ENABLE INPUT 


Vi | INPUT “HIGH” VOLTAGE 
ON ENABLE INPUT 


Vi, | INPUT “LOW” VOLTAGE 
ON ENABLE INPUT 


Vo. | OUTPUT “LOW” VOLTAGE 


NO 
i) 


Voc = 5.0V 


lcex | OUTPUT LEAKAGE CURRENT 100 


Voc = 5.25V 
Voex = 5.25V 


V 
MA 
—150 UA Vec = 5.25V 
Vref = 100mV 
—25 UA Vec = 5.25V 
Vs = 100mV 


leee | INPUT CURRENT ON 
REFERENCE INPUT 


INPUT CURRENT ON 
SENSE AMP INPUT 


Voy INPUT ‘“‘HIGH’’ VOLTAGE FOR VREF 
SENSE AMP INPUT 


Vs, | INPUT “LOW” VOLTAGE FOR 
SENSE AMP INPUT 


Veer | OPERATING RANGE OF 
REFERENCE VOLTAGE 


C POWER SUPPLY CURRENT 


V INPUT CLAMP VOLTAGE 
ON ALL INPUTS 


mV Vec = 4.75 to 5.25V 


Vec = 4.75 to 5.25V 


N 
ro) 
ro) 
=| 
ee 


Voc = 5-25V 


Veco = 4.75V 
a —5.0mA 


SD SENSE INPUT CLAMP 
DIODE VOLTAGE 


Voc = 5.0V 
Ib= 5.0mA 


cE 


Ww 
NO 
) 
© 
> 
~| 
=) 
Cc 
— 
< 
= 
> 
ie) 
m 


L 
i 
H 


X = Don’t care 
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3208A, 3408A 


D. C. Characteristics for 3408A 1, = 0°c to +70°C, Vog = 5V 5% 
SYMBOL PARAMETER ase bs UNIT TEST CONDITIONS 
TYP. MAX. 
EE INPUT LOAD CURRENT —0.25 mA Veco = 9.25V 
ON ENABLE INPUT Ve = 0.45V 
INPUT LEAKAGE CURRENT 20 LA Veco = 4.75V 


ON ENABLE INPUT 


INPUT LOAD CURRENT 
ON WRITE INPUT 


INPUT LEAKAGE CURRENT 
ON WRITE INPUT 


H INPUT “HIGH” VOLTAGE 
ON ENABLE AND WRITE INPUT 


INPUT “LOW” VOLTAGE ON 
ENABLE AND WRITE INPUT 


Va = 5.25V 


Voc = 5.25V 
V_ = 0.45V 


Voc = 4.75V 
Vp = 5.25V 


Veco = 5.0V 


—0.25 mA 


20 


= 
> 


< 
N 
oO 


< 


Veg = 5.0V 


EEE aad 


VoL OUTPUT “LOW” VOLTAGE Veco = 4.75V 
lop = 10mA 
Vou | OUTPUT “HIGH” VOLTAGE 2.4 Voc = 4.75V 
lon = —1.5mA 
OUTPUT LEAKAGE CURRENT WA Vee = 5.25V 
FOR HIGH IMPEDANCE STATE Vo = 0.45V/5.25V 
loc OUTPUT SHORT CIRCUIT —100 mA Vec = 5.0V 
CURRENT Vo = OV 
lace | INPUT CURRENT ON —150 uA Veg = 5.25V 
REFERENCE INPUT Veer = 100mV 
INPUT CURRENT ON uA Voc = §.25V 
SENSE INPUT Vg = 100mV 


Voy | INPUT “HIGH” VOLTAGE ee 
FOR SENSE AMP INPUT 


INPUT “LOW” VOLTAGE 
FOR SENSE AMP INPUT 


OPERATING RANGE OF 
REFERENCE VOLTAGE 


POWER SUPPLY CURRENT 


INPUT CLAMP VOLTAGE 
ON ALL INPUTS 


Vsp | SENSE INPUT CLAMP 
DIODE VOLTAGE 


3 
< 


VREF = 100 to 200mV 


Voc = 4.75 to 5.25V 
Vaer = 100 to 200mv 


Voc = 4.75 to 5.25V 


< 
< 
3 

< 


VREF 


125 mA Voc = 5.25V 


lo= —5.0V 


Ipb= 5.0mA 


lec 
V 


n 
NO 
© 
i=) 
3 
< 


EE 


Ww 
pe 
© 
oO 
> 
= 
= 8) 
on 
=| 
ei 
= 
> 
WO 
r~ 
m 


INPUTS 
OUTPUT 


[Sense Amp | Enable [Write 
L 
a 
L 
H 


L 
H 


Previous 
Data Stored 


L 

i 

H X = Don't care 
X 
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high impedance. 


3208A, 3408A 


TYPICAL D.C. CHARACTERISTICS FOR 3208A/3408A 


SENSE AND REFERENCE INPUT CURRENT 
VS. AMBIENT TEMPERATURE 


SENSE AND REFERENCE INPUT CURRENT (uA) 


SENSE INPUT 


50 70 75 


AMBIENT TEMPERATURE (°C) 


OUTPUT CURRENT VS. 
OUTPUT “LOW” VOLTAGE 


OUTPUT CURRENT (mA) 


0 100 


200 300 400 


OUTPUT “LOW” VOLTAGE (mV) 
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SENSE THRESHOLD (mV) 


OUTPUT CURRENT (mA) 


SENSE THRESHOLD VS. 
REFERENCE INPUT VOLTAGE 


300 
200 _ 
100 _ 

0 f 


0 100 


REFERENCE INPUT VOLTAGE (mV) 


OUTPUT CURRENT VS. 
OUTPUT “HIGH” VOLTAGE 


OUTPUT “HIGH” VOLTAGE (V) 


3208A, 3408A 


A.C. CHARACTERISTICS T,=0°C to 70°C, Voc = 5V +5% 


| LIMITS sd 
BE he eee 
ts_ SENSE AMP INPUT TO OUTPUT 
aa LAY 


| te _| ENABLE INPUT TO OUTPUT 
aa te, | DELAY 


3408A 


3208A 


SYMBOL 


PARAMETER 


ENABLE INPUT TO OUTPUT 


SENSE AMP INPUT TO OUTPUT 
DELAY 


() T, = 25°C, f = 1 MHz 


CAPACITANCE 


SYMBOL TEST 


SENSE INPUT 
Vec = OV, Veias = OV 


(1) This parameter is periodically sampled and is 
not 100% tested. 


WAVEFORMS 
3208A/3408A 


ENABLE 
INPUT 


OUTPUT 


PULSE 
INPUT 


SENSE 
INPUT 


OUTPUT 


a a 
ee ee ee 


WRITE PULSE WIDTH D.C. LOAD = 10mA 
C. = 30pF 
D.C. LOAD = 10mA 
C, = 30pF 
te 20 ns = 
DELAY, LATCH STORES “LOW” = 
tey ENABLE INPUT TO OUTPUT 2a 
DELAY, LATCH STORES “HIGH” 


D.C. LOAD = 10mA 


C, = 30pF 


D.C. LOAD = 10mA 
C, = 30pF 


D.C, LOAD = 10mA 


C, = 30pF 


D.C. LOAD = 10mA 
C, = 30 pF 


SWITCHING CHARACTERISTICS 
CONDITIONS OF TEST 
@ Input Pulse amplitude: 2.5V for all TTL compatible 
inputs and 2.5V through a resistor network as shown 
below for sense input. 
@ Input Pulse rise and fall times: 5ns. 
@ Speed measurements are made at 1.5V for all TTL 
compatible inputs and outputs, and for sense input, 


see network and waveforms below. Vper is set at 
150mV. 


10mA TEST LOAD 


SENSE INPUT Yen 


D:,.0..7. 
OUTPUT 


1K 
30pF 


3408A ONLY 


SENSE 
INPUT 


WRITE 
INPUT 


OUTPUT 


b—- 
a oc 
=) 
or 
=o 
a 
=n 


3208A, 3408A 


TYPICAL A.C. CHARACTERISTICS 


SENSE INPUT TO OUTPUT DELAY (ns) 


3408A WRITE PULSE WIDTH (ns) 


SENSE INPUT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 


| Vec= 5.0V 
D.C. LOAD = 10mA 


CL= 30pF 
Vrer = 150mV 


3208A t, — 


0 25 50 70 75 


AMBIENT TEMPERATURE (°C) 


3408A WRITE PULSE WIDTH VS. 
AMBIENT TEMPERATURE 


0 25 


50 


70 75 


AMBIENT TEMPERATURE (°C) 
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ENABLE INPUT TO OUTPUT DELAY (ns) 


t,_ (ns) 


ENABLE INPUT TO OUTPUT DELAY 
VS. AMBIENT TEMPERATURE 


Vec = 5.0V 
D.C. LOAD = 10mA 
C.= 30pF 


3408A te+ 


3208A, 3408A te_ 


+ = 


0 25 50 70 7 


AMBIENT TEMPERATURE (°C) 


SENSE INPUT TO OUTPUT DELAY 
VS. REFERENCE INPUT VOLTAGE 


200 300 


Veer (mV) 


3222 


REFRESH CONTROLLER FOR 4K DYNAMIC 
RANDOM ACCESS MEMORIES 


@ Ideal for use in 2107A, 2107C Systems 
& Simplifies System Design 

m Reduces Package Count 

@ Standard 22-Pin DIP 


The Intel® 3222 is a refresh controller for dynamic RAMs requiring refresh of up to 6 input addresses (or 4K bits for 64 x 64 
organization). The device contains an accurate refresh timer (whose frequency can be set by an external resistor and 
capacitor), plus all necessary control and I/O circuitry to provide for the refresh requirements of dynamic RAMs. The chip’s 
high performance makes it especially suitable for use with high speed N-channel RAMs like the Intel® 2107C. The 3222 is well 


suited for asynchronous dynamic memory systems. 


= Adjustable Refresh Timing Oscillator 
= 6-Bit Address Multiplexer 

@ 6-Bit Refresh Address Counter 

m@ Refresh Cycle Controller 


The 3222 operates from a single +5 volt power supply and is specified for operation over a 0°C to 75°C ambient temperature 
range. It is fabricated by means of Intel’s highly reliable Schottky bipolar process. 


PIN CONFIGURATION 


a1 22 1 vcc 

REFREQ [} 2 211] Rx/Cx 
CYREQ (]3 20 [) ACK 

STARTCY (4 19 [-] REFON 

Ar LI5 18 [|] BUSY 

A,U6 17 A3 

Ao 7 16 [7] Ag 

0p 8 15 [7] Ag 


GROUND [}11 


PIN NAMES 


Ao-As ADDRESS INPUTS 
ACK ACKNOWLEDGE 


ADDRESS OUTPUTS 
INTERNAL REFRESH 


OUTPUT REQUEST LATCH OUTPUT | 
BUSY BUSY INPUT REFON REFRESHONOUTPUT | 
CYREQ CYCLE REQUEST REFRESH REQUEST INPUT | 


RC TIE POINT 
STARTCY START CYCLE OUTPUT 
Ver +5V SUPPLY 


INPUT 


BLOCK DIAGRAM 


ADDRESS 
INPUTS 


(Ay - As) 


2 INPUT 
6 CHANNEL ADDRESS 
ADDRESS OUTPUTS 
MULTIPLEXER 


0, - 0: 
6 BIT (Og -Og) 
REFRESH 
COUNTER 
TIMER 
CONTROL 
e SELECT 
Q r= 
| 
! ————E 
REFREQL- STARTCY 
CONTROL 
CYREQ REFON 
BUSY ACK 
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3222 


ABSOLUTE MAXIMUM RATINGS* *COMMENT 


Stresses above those listed under ‘Absolute Maximum 


Temperature Under Bias ............ -65" to +1 25°C Rating’’ may cause permanent damage to the device. This 
Storage Temperature .........+-... “65 to +160 C is a stress rating only and functional operation of the device 
All Input, Output or Supply Voltages ... . -0.5V to +7V at these or at any other condition above those indicated in 
All Input Voltages ......-.....-4-- -1.0V to +5.5V the operational sections of this specification is not implied. 
Output Currents ..<e..sekeceenenesducen 100 mA 
Power Dissipation ......... 000+ eee eee ee eae 1W 


D.C. CHARACTERISTICS All Limits Apply for Vcc = +5.0V +5%, Ta = O°C to +75°C. 


IRB Input Leakage Current BUSY wee A Vin = Vee 
IRo Input Leakage Current All Other Inputs Vin = 5.25V 
Vetamp | Input Clamp Voltage Ic = -5.0mA 


VIL Input ‘“Low”’ Voltage 


N 
ro) 


ViH Input ‘High’ Voltage 


lec Power Supply Current 


Isc Output High Short Circuit Current 


VoL Output Low Voltage 


-48 -70 | mA | Voyz = OV 
Vec = 5.25V 


0.32 Vv | Io, =5mA 


Hae 
~ 
[@>) 

EEE 


VOH Output High Voltage (Og-Os) : lon =-1mA 
Vec = 4.75V 
VoH1 Output High Voltage (All Other Outputs) : ; lon =-1mA 
Vec = 4.75V 


Note 1: Typical values are for Ta = 25°C and nominal power supply voltages. 


Capacitance!2! | Ta = 25°C 


Limi (pF) 


Symbol Test 


Sn ae 
Cin (CYREQ) Input Capacitance 
Cin (BUSY) Input Capacitance 


Note 2: This parameter is periodically sampled and is not 100% tested. 


Conditions 


° 
< 
2) 
O 
I 
ro) 
< 
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A.C. Characteristics ali Limits Apply for Vec = +5.0V +5%, Ta = 0°C to +75°C. Load =1 TTL, C, = 15pF. 
Conditions of Test:Input pulse amplitude: 3V, Input rise and fall times: 5ns between 1V and 2V. Measurements are made at 1.5V. 


o_o nee ees hee 
arenes tet ete — 


tas BUSY In to STARTCY Out ) 4) 7 | 14 | ons | CYREQ = Vy, 

tHoLpD BUSY Hold Time ns External Delay between STARTCY and 
BUSY 

tRH CYREQ or REFREQ Hold Time fons | External Delay after BUSY 

trR REFREQ to REFON 


26 ns CYREOQ and BUSY = Vy, No priority 
contention between REFREO and 
CYREQ 
tarc | REFREQ to REFON | | 33 | 45 | ns | BUSY =Viy 


trs CYREQ o CYREQ or REFREQ In to 21 ns BUSY = Vin 
STARTCY Out 


tsetup BUSY Setup Time 120 ft] ons | BUSY = Vi_ During Refresh 


Note 1: Typical values are for Ta = 25°C and nominal power supply voltages. 


A. SYSTEM MEMORY CYCLE B. SYSTEM MEMORY CYCLE WITH MEMORY 
WITH MEMORY NOT BUSY BUSY (FOLLOWING REFRESH CYCLE) 


(Numbers in parentheses are minimum values in ns unless otherwise specified.) 


Vin Vin 
CYREQ CYREQ L / 
Vin vim 
REFREQ Ber Hee | 
(IN) i — = (IN) V— — + — — — I+ — — — — 
Vi “ } Vin \\ 
STARTCY a j STARTCY of, 
(OUT) Vit {OuTh ov, tes 
Sol | (4) 7) "HOLD ! 
| |/ 50 
Vin / Vin 
BUSY a Ca ’ BUSY ~ 
(IN) Vit \ (IN) Vie \ | 
! \ t 
' | BR | 
(24 MAX) l 
Wins Vin 
REFON : ’ REFON / 
OUT) Wes ees ee a a + _ met hy toy / 
whee tex y (20 MAX) ’ 
Vis (20 MAX) Vins \ 
ACK . ACK [| 
(OUT) MTP Ye Shes, meee. pac, ads ea 
Vin 
Ay-As Ag-As 
(IN) (IN) Vi 
| t 
| BAM 
| (28 MAX) 
Vin \\ 
es <a COUNTER 
0,-0.5 ADDRESS ADDRESS 05-0, OUTPUT ADDRESS 
(OUT) Vie (OUT) Ve 


6-21 


3222 


C. REFRESH MEMORY CYCLE WITH D. REFRESH MEMORY CYCLE WITH MEMOR 
MEMORY NOT BUSY BUSY (FOLLOWING SYSTEM CYCLE) 
(Numbers in parentheses are minimum values in ns unless otherwise specified.) / 
Vin Vin 
CYREO CYREQ 
(IN) pteridine ee (IN) Af odeeas, Sew: entch: uae Meee Aime onlay eas eee Se __ 
Via — o " " a r— 


REFREQ REFREO , 
(IN) \_) J ci a= 


Mibiaest comes —_ — — (IN) _ cee cect pede. “hea 
| 
Ee, tHoLo 


il 
Vin ( (50) —> Vin 
STARTCY STARTCY 
— asa aia men is ee — an 
ETUP 
Vin NX) 


Vin \\ 
BUSY BUSY 
(IN) Mi ed eee el ee A ‘oa (IN) Vin ) 
\ tar t t 
Vv _ — ele | | (24 mA " ey (24 MAX) (24 MAX) 
1H | 1H 
REFON pe | / REFON \\ ig 
Vos Vin 
ACK ACK 
(OUT) I (OUT) Ve 
Vin Vin 
-A | 
Ay 5 | Ag-As ‘sam 
(IN) v (28 MAX) 
% t \ 'gam felis an “iu A 
BAR 
(28 MAX) uae 


V, (27 MAX) 
—— ” COUNTER vin \ 
0,-0 
four) Viv (OUT) Vin 


NOTE 1: tag (26ns MAX) IF PRIORITY CONTENTION IS ELIMINATED; trac 


E. TYPICAL APPLICATION OF 3222 REFRESH F. USE OF 3222 FOR REFRESH TIMING AND 
CONTROLLER IN A 2107C SYSTEM CONTROL IN A 2104A SYSTEM 


TO CPU 


TO MEMORY — 
TIMING 


REFRESH 
ENABLE 


ADDRESS 
INPUTS 
FROM CPU 


ADDRESS INPUTS 
FROM CPU 


STARTCY 


FROM TIMING 
° ADDRESS — 
7404 INPUTS RAS ENABLE 
BUFFERS | TO 2107B LATCH 


ARRAY 


> BUSY 
LATCH 
(7474) 


FROM 
MEMORY 
TIMING 

TO MEMORY TIMING (VALID 

WHEN ADDRESSES ARE STABLE) 


ONLY ONE 3222 IS REQUIRED PER SYSTEM. 
ADEQUATE BUFFERING SHOULD BE PROVIDED 
BETWEEN THE 3222 ADDRESSES (O9-O5) 
OUTPUTS AND THE MEMORY INPUTS. 
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PIN NAMES AND FUNCTIONS 
Pin Pin 
No. Name 


1 Q 


Function 


Output of the internal Refresh Re- 
quest latch. This pin may be con- 
nected to the Refresh Request input 
(REFREQ) directly for asynchro- 
nous sequential mode refresh or 
indirectly through control logic for 
burst mode or synchronous mode 
refresh (see text). 


REFREQ Refresh Request input (active when 
low). The request is honored only if 
the memory is not presently execut- 
ing a cycle (BUSY high) and if a 
system cycle request did not occur 
first. 


CYREQ System Memory Cycle Request in- 
put (active when low). The request 
is honored only if the memory is not 
presently executing a cycle (BUSY 
high) and if arefresh request did not 


occur first. 


STARTCY Output signal indicating to external 
Circuitry that a memory cycle 
(system or refresh) is to begin. See 
text for timing considerations for a 


refresh cycle. 


5-7 
15-17 


Ao-As Low order system address inputs. 
These addresses are multiplexed to 
the address output pins (O,-Os;) 
during a system cycle. 

8-10  Oo-Os Low order memory address outputs. 
During asystem cycle these outputs 
give the low order (Ajp-As) address 
Of a memory access. During a 
refresh cycle these outputs give the 
refresh address (generated internal 


to the 3222). 


11 Ground. 


18 An externally generated signal 
which the 3222 monitors to determ- 
ine memory system status. If BUSY 
is high the memory is not busy anda 
system or refresh cycle may begin. 
If BUSY is low the memory is being 
accessed for a data I/O or refresh 
cycle and no other cycle may begin. 


19 REFON The 3222 output which when low in- 
dicates the memory system is either 
ready to beginorisinarefresh cycle 


(Refresh On). 


20 ACK The 3222 output which when low in- 
dicates the memory system is 
either ready to begin or is in a 
system cycle (system cycle request 


accepted and acknowledged). 


6-23 


Pin Pin 

No. Name Function 

21 RX/CX Connection point for the RC net- 
work which determines the refresh 
period for sequential refresh mode. 
(See Refresh Control section). 

22 Voc +5 volt supply. 


FUNCTIONAL DESCRIPTION 


The Intel® 3222 performs the four basic functions of a 
refresh controller by: 


1. Providing a refresh timing oscillator. 

2. Generating six bit refresh addresses. 

3. Multiplexing refresh and system addresses to the six 
low order address inputs (Oo-Os). 

Providing control signals for both refresh and mem- 
ory cycle accesses. 


4. 


As shown in the pin configuration figure, the 3222 has as 
inputs the six low order (Ao-As) system addresses. These 
addresses are internally multiplexed with six internally 
generated refresh addresses. The output of these 
multiplexers provide the six low order addresses to the 
memory array. 


The block diagram shows the four main circuit categories of 
the 3222. An explanation of the workings of each of these 
categories is given in the Device Operation section from a 
users point of view. 


DEVICE OPERATION 


Operation of the Intel® 3222 Refresh Controller is most 
easily explained by considering five conditions presented 
by the three input control lines Cycle Request (CYREQ), 


Refresh Request (REFREQ), and System Busy (BUSY). 
These conditions are: 


1. System memory cycle request — memory not busy 
(BUSY = High) 

System memory cycle request — memory busy 
(BUSY =Low) 

Refresh cycle request — memory not busy 

(BUSY = High) 

Refresh cycle request — memory busy 

(BUSY =Low) 

Simultaneous system memory cycle and refresh cycle 
requests. 


2. 


3. 


4. 


5. 


Condition 5 is actually a subset of the four previous 
conditions and is included for completeness. 


As is implied in the five conditions, the response of the 3222 
to both refresh and memory cycles is dependent on the 
state of the BUSY input. The BUSY signal is generated 
externally to the 3222 and, when low, defines the time when 
the memory is performing a cycle (refresh or memory 
access). It is important to assure that BUSY is low for the 
entire memory cycle time. Interference may occur in 
asynchronous memory systems if the BUSY input goes 
high prematurely. (An asynchronous memory system is 
One in which the refresh and memory cycle requests occur 
independent of each other.) 


3222 


System Memory Cycle Request — Memory Not Busy 


This section details operation of the 3222 when the memory 
is not busy and a request for a system memory cycle is 
made (See Figure A for timing sequences). The request for 
amemory cycle is made by the CYREQ input going low. The 
Start Cycle output STARTCY goes low at trs after CYREQ. 
STARTCY is used for two purposes: 


1. To set the external BUSY latch. (See Figure E.) 


2. To initiate memory system timing (after appropriate 
delay). 


The required delay time depends on system configuration 
and associated delay paths for both Chip Enable (2107B 
input signal) and system addresses. 


The low going BUSY input causes the internally generated 
Start Cycle output to go high and the Acknowledge output 
ACK to go low (after tgx time). The Acknowledge output 
confirms that the requested system memory cycle has been 
accepted by the 3222. Note that the cycle request input may 
be returned to the high state when the BUSY input goes low. 
However, at the designer’s discretion, the cycle request line 
may remain low until “just prior’ to BUSY returning high. (If 
BUSY goes high before CYREQ goes high, another 
memory access may inadvertently be started.) 


When the memory is not busy and a cycle request has been 
made, the low order system address delay through the 3222 
is tag nsec. When the 3222 is not busy, the low order system 
addresses (Ap-As) are gated through to the output (Og-Os) 
independent of any other input. 


System Memory Cycle Request — Memory Busy 


The major differences between a system memory cycle 
request when the system is busy and when it is not busy (as 
previously described) are: 


1. The Start Cycle output STARTCY does not go low until 
tas after the rising edge of the BUSY input. (Even 
though the CYREQ input is low.) 

2. Output addresses Oo-Os5 changeat or before ta time if 
the previous cycle was a system cycle request and 
change at or before tgam if the previous cycle was a 
Refresh Cycle request. (Note that the longer delay is 
after a refresh cycle.) See Figure B for definition of 
terms. 


Note that for a system memory cycle following a refresh 
cycle, the refresh on output REFON goes high at or before 
tar relative to BUSY going high. Since the Acknowledge 
output ACK can not go low until after tyo_p there is no 
ambiguity between REFON and ACK. The memory is 
always defined as being in a refresh cycle, system cycle or 
no cycle. 


Refresh Cycle — Memory Not Busy 


Operation of the 3222 for arefresh request with the memory 
not busy (see Figure C) is similar to a system cycle request 
under the same condition. A refresh cycle is initiated 
by the Refresh Request input (REFREQ) going low. 
This low going input causes both the Start Cycle output, 
STARTCY, and Refresh On output, REFON, to go lowatt 


and tRRc (or trR) time respectively. The low going edge o 
STARTCY is used to set the external BUSY latch low. As in 
the previous two cases, the BUSY input must remain low for 
the entire cycle required by the memory. As in the previous 
two cases, the low going BUSY drives the STARTCY output 
high. 


Refresh Cycle — Memory Busy 

For this condition, it is assumed that the previous cycle was 
a system access cycle. Timing conditions for this operation 
are shown in Figure D. Here, the STARTCY input goes low 
tas after BUSY returns high from the previous cycle. As 
before, REFON goes low tgr after BUSY goes high. After 
tHoLp, relative to STARTCY, BUSY again goes low and 
places the low order refresh addresses on the address 
outputs (O,-Os) after tgar time. Internal refresh timing is 
performed in a manner identical to that described in 
Refresh Cycle-Memory Not Busy section. 


Simultaneous Refresh and Memory System Cycle Request 


The simultaneous request for arefresh and memory system 
access is almost a certainty in asynchronous systems. It is, 
therefore, necessary to have circuitry in any refresh 
controller capable of resolving the attendent ambiguity with 
minimum additional delay. The Intel® 3222 Refresh 
Controller has just such a circuit. (All timing parameters 
specified for asynchronous operation assume that a refresh 
and memory system request can occur at the sametime.) A 
latch internal to the 3222 decides which signal (CYREQ or 
REFREQ) it will accept if both occur simultaneously, and 
conditions the other control circuits appropriately. If a 
refresh cycle was accepted, REFON will go low at the 
appropriate time. If amemory system access was accepted 
then ACK will go low at the appropriate time. 


Refresh Control 


The 3222 controls both burst and distributed refresh modes. 
The burst refresh mode requires that REFREQ be generated 
externally to the 3222 since refresh is completed in 64 
consecutive cycles every 2ms. A system requiring distrib- 
uted refresh timing, however can be controlled either by the 
3222 or by external circuitry. If refresh timing is to be 
controlled by the 3222 the output Q is tied to the REFREQ 
input. Timing is controlled by an oscillator internal to the 
3222. The desired refresh timing interval is determined by: 


Vs trer = 63 RxCx 
a 
Where: 
trer = the total time between refreshes (e.g. 2msec) in 
msec. 
r = the number of rows to be refreshed on the memory 
device (for the 2107C r = 64). 
Rx = external timing resistance in KQ (3K to 10K) 
C, = external timing capacitance in uf. (0.005uf to 
0.02uf) 
The 3222’s oscillator stability is guaranteed to be +2% fora 
given part and +6% from part to part, both over the ranges 
0°C < Ta S 75°C and Vcc = 5.0V +5%. 


Figure F shows how the 3222 may be used to control refresh 
in a 2104A system. 


intel 
3232 


ADDRESS MULTIPLEXER AND REFRESH 
COUNTER FOR 4K DYNAMIC RAMs 


@ Ideal for 2104A = Address Input to Output Delay: 
9ns Maximum Driving 15pF, 


m Simplifies System Design 25ns Maximum Driving 250pF 


m Reduces Package Count @ Suitable for Either Distributed or 
Burst Refresh 
m Standard 24-Pin DIP mg Single Power Supply: +5 Volts +10% 


The Intel® 3232 contains an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh 
of up to 6input addresses (or 4K bits for 64 x 64 organization). It multiplexes twelve bits of system supplied address to six output 
address pins. The device also contains a 6 bit refresh counter which is externally controlled so that either distributed or burst 
refresh may be used. The high performance of the 3232 makes it especially suitable for use with high speed N-channel RAMs 
like the 2104A. 


The 3232 operates from a single +5 volt power supply and is specified for operation over a 0 to +75°C ambient temperature 
range. 


PIN CONFIGURATION LOGIC DIAGRAM 
COUNT [{_}1 2410 1} Vee 
REFRESH ENABLE |_] 2 23 |_J ROW ENABLE Ay, 0 ~ 
Ac O = 
4,C]}4 Al By, ; Ss ) > 0 0, 
Mar 0A, ! [pe | 
, & 
Ag | 16 191 | Axo | | 
| 
A 7 18] JA 12. | 
ol ; TOTAL | | | 
A,CJ8 WE] A, i « 6 | 
| TOTAL TOTAL 
0, CIs 16 (Jo, | | 
| 
0, C10 sf Jo, | | 
a A, O 
6 Pecieeunnsanmeeniemert 
al 4)-J0, Popp?) | 
GNp [_]}12 13 [_] ZERO DETECT iia | 
Ay 9 i ? ) > eh 
Dene a mS 0 
NOTE: A, THROUGH A, ARE ROW ADDRESSES. loan : 
A, THROUGH A,, ARE COLUMN ADDRESSES. ) 
REFRESH _ 
pieces 6 TOTAL 
TRUTH TABLE AND DEFINITIONS: 
>< 


REFRESH ADDRESS 
(FROM INTERNAL COUNTER) 


ROW ADDRESS 6 BIT COUNTER 
(Ag THROUGH As) 


COLUMN ADDRESS 5 
THR HA — 
(Ag OUG 11) COUNT © 


=" . ZERO 
ENABLE “ 
REFRESH | ROW yD ~ DETECT 
sa ma a 


COUNT — ADVANCES INTERNAL REFRESH COUNTER. 


ZERO DETECT — INDICATES A ZERO IN THE REFRESH ADDRESS 
(USED IN BURST REFRESH MODE). 


6-25 


3232 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 
Storage Temperature 
All Input, Output, or 
Supply Voltages 
Output Currents 
Power Dissipation 


-65° to +125°C 
-65° to +160°C 


eoeerewr eee eee ewe ee ee 


100mA 


oeree ee eee ee we eee eee eee eee eee ee eee 


oeereeeeeer eee eevee eee eee ee ee eee 


D.C. AND OPERATING CHARACTERISTICS 


All Limits Apply for Vcc = 5.0V +10%, T, = 0°C to + 75°C 


*COMMENT: 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


LIMITS 
SYMBOL PARAMETER MIN. TYP (1) [ MAX. UNIT TEST CONDITIONS 
Vou Output High Voltage (Oo-Os) 40 | | VV | lon=—tmA 
Vout Output High Voltage 2.4 33 V lon = —1mA 
(Zero Detect) 
Note 1. Typical values are for Ta = 25°C and Vgc = 5.0V. 
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A.C. CHARACTERISTICS 
All Limits Apply for Vcc = +5.0V +10%, Ta = 0°C to 75°C, Load = 1 TTL, C. = 250pF, Unless Otherwise Specified. 


SYMBOL | PARAMETER ae re a er unit | CONDITIONS 
tao Address Input to Output Delay | 6 | 9 | Refresh Enable = Low!) @) 


tao Address Input to Output Delay ace Refresh Enable = Low 


too Row Enable to Output Delay | 7 | 12 | 27 | ns | Refresh Enable = Low?!) (?) 


tooi Row Enable to Output Delay BLA Refresh Enable = Low 


teo Refresh Enable to Output Delay | 7 | 14 | 27 | ns | Note 1, 2 
teo1 Refresh Enable to Output Delay | 12 | 30 | 45 | ns | 
tco Count to Output | 15 | 40 | 60 | ns | Refresh Enable = High’) @ 


tcor Count to Output ie a Refresh Enable = High 


Note 1: Vcc = 5.0V, Ta = 25°C 
2: CL = 15pF 


A.C. TIMING WAVEFORMS (Typically used with 2104A) 


NORMAL CYCLE 
Vin 
ROW ENABLE 
Vin 
Vin 
Ao Ais 
Vir 
Vou 
5-5; DON’T CARE ROW ADDRESS COLUMN ADDRESS 
Vor 
Oa seco ct cp ete re eine eet es Ses ge ety eee ee Soe ener Sentosa eae) soe Sets ee ee 
REFRESH 
ENABLE 
Vit 


REFRESH CYCLE 


REFRESH 
ENABLE 


COUNT 


555, ADDRESS : REFRESH ADDRESS REFRESH ADDRESS 


ZERO DETECT 
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PIN NAMES AND FUNCTIONS 


Pin. Pin 
No. Name Function 
1 Count Input Active low input increments 
internal six bit counter by 
one for each count pulse in. 
2 Refresh Enable Active high input which 
Input determines whether the 
3232 is in refresh mode (H) 
or address enable (L). 
7,3,5,18, Ao-As Inputs Row Address inputs. 
20,22 
8,4,6,17, Ac-Ai Inputs Column address inputs. 
19,21 
9,11,10, © -O; Outputs Address outputs to mem- 
16,15,14 ories. Inverted with respect 
to address inputs. 
12 GND Power supply ground. 
13 Zero Detect Active low output which 
Output senses that all six bits of 
refresh address in the count- 
er are zero. Can be used in 
the burst mode to sense 
refresh completion. 
23 Row Enable High input selects row, low 
Input input selects column addres- 
ses of the driven memories. 
24 Vcc +5V power supply input. 


DEVICE OPERATION 


The Intel® 3232 Address Multiplexer/Refresh Counter 
performs the following functions: 


1. Row, Column and Refresh Address multiplexing 
2. Address counting for burst or distributed refresh. 


These functions are controlled by two signals: Refresh 
Enable and Row Enable, both of which are active high TTL 


ZERO DETECT 


REFRESH 
ENABLE 


ROW 
ENABLE 


COUNT 


inputs. The truth table on page 1 shows the levels required 
to multiplex to the output: 


1. Refresh addresses (from internal counter) 
2. Row addresses (Ao through As) 
3. Column addresses (A, through A;;) 


Burst Refresh Mode 


When refresh is requested, the refresh enable input is high. 
This input is ANDed with the 6 outputs of the internal 6 bit 
counter. At each Count pulse the counter increments by 
one, sequencing the outputs (Oo-O;) through all 64 row 
addresses. When the counter sequences to all zeros, the 
Zero Detect output goes low signaling the end of the refresh 
sequence. Due to counter decoding spikes, the Zero Detect 
output is valid only after tcz following the low going edge of 
Count. 


Distributed Refresh Mode 

In the distributed refresh mode, one row is selected for 
refresh each (taefResH/n) time where n = number of rows in 
the device and trerrResn |s the specified refresh rate for the 
device. For the 2104A treeeResH = 2msec and n = 64, there- 
fore one row is refreshed each 31 usec. Following the refresh 
cycle at row n,, the Count input is pulsed, advancing the 
refresh address by one row so that the next refresh cycle will 
be performed on row n,4,. The Count input may be pulsed 
following each refresh cycle or within the refresh cycle after 
the specified memory device address hold time. 


Row and Column Address 


All twelve system address lines are applied to the inputs of 
the 3232. When Refresh Enable is low and Row Enable is 
high, input addresses Ao-As are gated to the outputs and 
applied to the driven memories. Conversely, when Row 
Enable is low (with Refresh Enable still low), input 
addresses A,¢-A;; are gated to the outputs and applied to the 
driven memories. 


Figure 1 shows a typical connection between the 3232 and 
the 2104A 4K dynamic RAM. When the memory devices are 
driven directly by the 3232, the address applied to the 
memory devices is the inverse of the address at the 3232 
inputs due to the inverted outputs of the 3232. This should 
be remembered when checking out the memory system. 


Figure 1. Typical Connection of 3232 and 2104 Memories. 
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ADDRESS MULTIPLEXER AND REFRESH 
COUNTER FOR 16K DYNAMIC RAMs 


a Ideal For 2116 s Single Power Supply: 

s Simplifies System Design +5 Volts +10% 

= Reduces Package Count =» Address Input to Output Delay: 
9ns Driving 15 pF, 

a Standard 28-Pin DIP 25ns Driving 250pF 

s Suitable For Either Distributed 


Or Burst Refresh 


The Intel® 3242 is an address multiplexer and refresh counter for multiplexed address dynamic RAMs requiring refresh of 64 or 
128 cycles. It multiplexes 14 bits of system supplied address to 7 output address pins. The device also contains a 7 bit refresh 
counter which is externally controlled so that either distributed or burst refresh may be used. The high performance of the 3242 
makes it especially suitable for use with high speed N-channel RAMs like the 2116. 


The 3242 operates from a single +5 volt power supply and is specified for operation over a0 to +75°C ambient temperature 


range. It is fabricated by means of Intel’s highly reliable Schottky bipolar process and is packaged ina hermetically sealed 28 
pin Type D package. 


PIN CONFIGURATION LOGIC DIAGRAM 
COUNT |_}1 281 J Voc 4 
13 O 
REFRESH ENABLE |_] 2 271_J A, 
ROW ENABLE [_]3 26]_J Ay3 A 
6 O 
n.c.[_] 4 25 |_J As | 
| 
A,LJ5 24, JA, | 
AgLJ6 231_JA, : 
14 
A2LJ? 221 JA, TOTAL : 
AgL]8 21, JA, 
AL}? 20h} A,, | 
A, {|} 10 191_J 0, | 
| 
0), C4311 18f_J 0, A7O 
0, C412 17L_J 0, 
O, 16 [J 0, Ag O 
GND[_] 14 15 [_] ZERO DETECT 
NOTE: Ag THROUGH Ag ARE ROW ADDRESSES. 
A; THROUGH A,3 ARE COLUMN ADDRESSES. 
REFRESH | 
ENABLE 
TRUTH TABLE AND DEFINITIONS: 
REFRESH ROW ROW 
ENABLE | ENABLE OUTPUT ENABLE © 


REFRESH ADDRESS 

| (FROM INTERNAL COUNTER) 
| ROW ADDRESS 

| (Ag THROUGH A,) 

COLUMN ADDRESS 7 7 BIT COUNTER 


(A, THROUGH A, 3) 


COUNT — ADVANCES INTERNAL REFRESH COUNTER. 

ZERO DETECT — INDICATES ZERO IN THE FIRST 6 
SIGNIFICANT REFRESH COUNTER 
BITS (USED IN BURST REFRESH MODE) 
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A.C. Characteristics 
All Limits Apply for Vec = +5.0V +10%, Ta = 0°C to 75°C, Load = 1 TTL, C,. = 250pF, Unless Otherwise Specified. 


SYMBOL PARAMETER ; CONDITIONS 
tao Address Input to Output Delay Refresh Enable = Low!2) (3) 
tao Address Input to Output Delay Refresh Enable = Low 


too Row Enable to Output Delay Refresh Enable = Low!2)(3) 
tool Row Enable to Output Delay Refresh Enable = Low 


tro 
trot Refresh Enable to Output Delay 


too Count to Output Refresh Enable = High!2) (3) 


too Count to Output 20 55 80 ns Refresh Enable = High 


fc Counting Frequency 5 MHz 
tcpw Count Pulse Width 35 | ns 


tez Count to Zero Detect 15 Note 3 


Notes: 1. Typical values are for Ta = 25°C and Vcc = 5.0V. 
2 TA= 25°C, Vcc = 5.0V. 
3. Cy = 15 pF. 


A.C. TIMING WAVEFORMS (Typically used with 2116) 


Notes 2, 3 


NORMAL CYCLE 


ROW ENABLE 1.5V 


Ag - Ai3 
Oy - 0, COLUMN ADDRESS 
Vo 
Ose a ees ee mae eat oe se Ween oe As ee eed cee ee ene ce pee Gey ee ees eee te 
REFRESH 
ENABLE 
Vit 
REFRESH CYCLE 
REFRES YW 
H 
ENABLE VON 
Vit 
<— tcpw —> 
Vin 
COUNT 1sv 
Vit ~~ Ee | 


ZERO DETECT 
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Absolute Maximum Ratings* 


=10° to +85°C 
-65° to +150°C 


Temperature Under Bias 
Storage Temperature 
All Input, Output, or 
Supply Voltages 
Output Currents 
Power Dissipation 


oe ee ee ewe wee eee 
‘ 


oe e eee ee wee eee eeee 


100mA 


oe ee ee eee eee eee ee eee eee eee eee eee 


eoeoee er eee eee eee eee eee eee eee eevee 


D.C. and Operating Characteristics 
All Limits Apply for Vcc = 5.0V +10%, Ta = 0°C to + 75°C 


SYMBOL PARAMETER 


lp Input Load Current 
IR Input Leakage Current 


Oo 
—" 
— 
oO 


Von Output High Voltage (Oo-Os) 
Vout Output High Voltage 
(Zero Detect) 


Notes: 1. Typical values are for Ta = 25°C and Vcc = 5.0V. 


“COMMENT: 


Stresses above those listed under “Absolute Maximum 
Ratings” may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device 
at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


LIMITS 


TYP (1) UNIT TEST CONDITIONS 
-0.25 mA Vin = 0.45V, Note 2 
0 uA Vin — 5.5V 


V 
V 
0.25 0.40 lo. = 8MA 


2. Inputs are high impedance, TTL compatible, and suitable for bus operation. 


Packaging Information 
28 LEAD HERMETIC D 


UAL IN-LINE PACKAGE 


TYPE D 


1.470 (37.338) 


a 


230 — — - —— = 
: (5.842) 
SEATING MAX. ——— 
PLANE .100 {(2.540) 
MIN. ! 065 (1.651) 


.110 (2.794) .040 (1.016) 
.090 (2.286) 


1.430 (36.322) 
PIN 1 


.530 (13.462) 


510 (12.954) 


.625 


MAX. 
[veer | 


180 (4.572) 

140 (3.556) 
t 015 (0.381) 
.015 MIN. 008 (0.203) 


(0.381) 


.032 TYP alee (0.584) a 
014 (0.356 

itil — (17.78) 

(15.24) 
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PIN NAMES AND FUNCTIONS 


Pin Pin 

No. Name Function 

1 Count Active low input increments internal 7- 
Input” bit counter by one for each count pulse 

in. 

2 Refresh Active high input which determines 
Enable whether the 3242 is in refresh mode (H) 
Input” — or address enable (L). 

9,5,7,21, Ag—Ag Row address inputs. 

23,25,27 Inputs” 

10,6,8,20, A7z—A;3 Column address inputs. 

22,24,26 Inputs” 

Thy ly le, Oo—Og Address outputs to memories. Inverted 

18,17,16, Outputs with respect to address inputs. 

19 

14 GND Power supply ground. 

15 Zero Active low output which senses that the 
Detect six low order bits of refresh address in 
Output the counter are zero. Can be used in the 

burst mode to sense refresh completion. 

3 Row High input selects row, low input selects 
Enable column addresses of the driven memo- 
Input™ ries. 

28 Vcc +5V power supply input. 


*The inputs are high impedance, TTL compatible, and suitable for bus 
operation. 


DEVICE OPERATION 


The Intel® 3242 Address Multiplexer/Refresh Counter per- 
forms the following functions: 


1. Row, Column and Refresh Address multiplexing. 
2. Address Counting for burst or distributed refresh. 


These functions are controlled by two signals: Refresh Enable 
and Row Enable, both of which are active high TTL inputs. 
The truth table on page 1 shows the levels required to multi- 
plex to the output: 


1. Refresh addresses (from internal counter). 


ZERO DETECT 


ENABLE 


2. Row addresses (Ag through Ag). 
3. Column addresses (A7 through A493). 


Burst Refresh Mode 


When refresh is requested, the refresh enable input is high 
This input is ANDed with the seven outputs of the interna 
7-bit counter. At each Count pulse the counter increments b 
one, sequencing the outputs (Og—Og) through 128 row ad 
dresses. When the first six significant bits of the counte 
sequence to all zeros, the Zero Detect output goes low 
signaling the end of the refresh sequence. Due to counter de 
coding spikes, the Zero Detect output is valid only after tcz 
following the low-going edge of Count. The Zero Detect out 
put used in this manner signals the completion of 64 refres 
cycles. To use the 128-cycle burst refresh mode, an externa 
flip-flop must be driven by the Zero Detect. 


Distributed Refresh Mode 


In the distributed refresh mode, one row Is selected for refres 
each (trefREsH/n) time where n = number of refresh cycles 
required for the device and trerfReEsy Is the specified refres 
rate for the device. For the 2116 trerResyH = 2 msec and n 
128 or 64, therefore, one row is refreshed each 15.5 or 31 
usec, respectively. Following the refresh cycle at row ny, the 
Count input is pulsed, advancing the refresh address by one 
row so that the next refresh cycle will be performed on ro 
Ny+1. The Count input may be pulsed following each refres 
cycle or within the refresh cycle after the specified memor 
device address hold time. 


Row and Column Address 


All 14 system address lines are applied to the inputs of the 
3242. When Refresh Enable is low and Row Enable is high 
input addresses Ag—Ag are gated to the outputs and applied to 
the driven memories. Conversely, when Row Enable is lo 

(with Refresh Enable still low), input addresses A7—Aj3 are 
gated to the outputs and applied to the driven memories 


Figure 1 shows a typical connection between the 3242 and the 
2116 16K dynamic RAM. When the memory devices are 
driven directly by the 3242, the address applied to the mem 
ory devices is the inverse of the address at the 3242 inputs due 
to the inverted outputs of the 3242. This should be remem 
bered when checking out the memory system. 


Figure 1. Typical Connection of 3242 and 2116 Memories. 
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3245 


QUAD TTL-TO-MOS DRIVER 
FOR 4K N-CHANNEL MOS RAMs 


@ Fully Compatible with 4K RAMs 
Without Requiring Extra Supply 
or External Devices 

@ High Speed, 32 nsec Max. — 
Delay + Transition Time 

m@ Low Power — 75mW Typical 
Per Channel 


@ High Density — Four Drivers in 
One Package 


= TTL and DTL Compatible Inputs 
m CerDIP Package — 16 Pin DIP 


g@ Only +5 and +12 Voit Supplies 
Required 


The Intel® 3245 is a Quad Bipolar-to-MOS driver which accepts TTL and DTL input signals. It provides 
high output current and voltage suitable for driving the clock inputs of N-channel MOS memories such as 
the 2107B. The circuit operates from two power supplies which are 5 and 12 volts. Input and output clamp 


diodes minimize line reflections. 

The device features two common enable inputs, a refresh select input, and a clock control input for 
simplified system designs. The internal gating structure of the 3245 eliminates gating delays and mini- 
mizes package count. 

The 3245 is fabricated by means of Intel’s highly reliable Schottky bipolar process and is specified for 
operation over a 0 to +75°C ambient temperature range. 


PIN CONFIGURATION LOGIC DIAGRAM 


PIN NAMES 


DRIVER OUTPUTS 
+5V POWER SUPPLY 
Von —«+12V POWER SUPPLY 
NOT CONNECTED 


SELECT INPUTS 
ENABLE INPUTS 
R REFRESH SELECT INPUT 
CLOCK CONTROL INPUT 
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ABSOLUTE MAXIMUM RATINGS“ 


Temperature Under Bias........... -10°C to 85°C 
Storage Temperature............ -65°C to +150°C 
Supply Voltage, Vcc .....-...2-005. -0.5 to +7V 
Supply Voltage, Vpp .....--+-+-2+2: -0.5 to +14V 
All Input Voltages ................ -1.0 to Vpp 
Outputs for Clock Driver......... -1.0 to Vpp +1V 
Power Dissipation at 25°C.............0004 2W 


*COMMENT: Stresses above those listed under “Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


D.C. CHARACTERISTICS 
Ta =0°C to 75°C, Vee =5.0V +5%, Vpp =12V +5% 


= Ve = 0.45V 
= Ve = 0.45V 
A | 


IRD Data Input Leakage Current Ve = 5.0V 
IRE Enable Input Leakage Current 
-1.0 


VR = 5.0V 
lo. = 5mA, Vin = 2V 


lot =-5mA 
loo =-1mA, VIL = 0.8V 
lon = DMA 


VIL Input Low Voltage, All Inputs 
ViH Input High Voltage, All Inputs 2 


S 
xr 
O 
t 
or 
TT 
| 
ot 
ac 
S 
=F 
< 
o 
oO 
(ge) 
; 

< 

= =) 

fo) 


POWER SUPPLY CURRENT DRAIN AND POWER DISSIPATION 


; Test Conditions — Input states to 
Typ. Unit 
ensure the following output states: 


Additional Test 
Conditions 


Symbol Parameter 


Current from Voc 
lbp Current from Vpp 


Pp Power Dissipation 


Power Per Channel Vec = 5.25V 
lec Current from Vec Vop = 12.6V 
IpDp Current from Vpp 
Poo Power Dissipation 


Power Per Channel 


6-34 


3245 


A.C. CHARACTERISTICS 1, = to 75°C, Vog = 5.0V +5%, Voy = 12V 5% 


Es Input to Output Delay P56 | om | fins Rseries = 0 

tor Delay Plus Rise Time | | 20 | 32) | sons Rseries = 0 

ty Output Transition Time | 10 | 17 | 25) | ons | Rseries = 2002 
; tpr Delay Plus Rise Time | [oar [| 38] ns | Rseries = 2022 


NOTES: 1. Cy = 150pF These values represent a range of 
2. CL = 200pF total stray plus clock capacitance 
3. Cy = 250pF for nine 4K RAMs. A.C. CONDITIONS OF TEST 
4. Typical values are measured at 25°C. 
ok Input Pulse Amplitudes: 3.0V 
CAPACITANCE “ T, = 25°C 


Input Pulse Rise and Fall Times: 5 ns between 
1 volt and 2 volts 
Measurement Points: See Waveforms 


RseRies 
*This parameter is periodically sampled and is not 100% tested. oa 


Condition of measurement is f = 1 MHz, Vpjas = 2V, Vcc = OV, C, 
and Ta = 25°C. = 
WAVEFORMS Me eines mre qe ne em eect is Ea pte ep ye 


| 
| tr os ia 


OUTPUT 


INPUT 


TYPICAL CHARACTERISTICS 


INPUT TO OUTPUT DELAY DELAY PLUS TRANSITION TIME 
VS. LOAD CAPACITANCE VS. LOAD CAPACITANCE 


t (nsec) 
t (nsec) 


LOAD CAPACITANCE (pF) LOAD CAPACITANCE (pF) 
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Typical System 


Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 3245 quad high voltage 
driver for the chip enable inputs. A single 3245 package drives 16K x 9 bits. Ag through A,, are 2107B addresses. 


——§ (9 2107B’s) ———> CARD A +—— (9 2107B’s) ———> 


(ROW 4L) (ROW 4R) 


DRIVER 2 
CHIP ENABLE 3245 CHIP ENABLE 


(ROW 3L) (ROW 3R) 


CHIP ENABLE CHIP ENABLE 
(ROW 2L) (ROW 2R) 


DRIVER 1 
CHIP ENABLE CHIP ENABLE 


(ROW 1L) (ROW 1R) 
CHIP ENABLE 


SEE TABLE 1 
SEE TABLE 1° 
DRIVER1 = RS(1) , CHIP ENABLE 
DRIVER 2 [RS(3)] ROW 2h) TABLE 1 
DRIVER1  RS(2) aaa , ea 
DRIVER 2 (RS(4)] js ee 
ENABLE M_ ENABLE P 
CHIP ENABLE ENABLE M_ ENABLE Q 
(ROW 1R) ENABLE N. ENABLE P 
ENABLE N | ENABLE Q 
CHIP ENABLE 
eee (ROW 2R) 
REFRESH , 
ENABLE DRIVER #2 
OUTPUTS 


CONNECTED IN 


CHIP ENABLE SIMILAR MANNER 


A 
= ENABLE M 
Ay2 RS(1) . , 
sink ENABLE 
A INTEL® Be) 
is 3205 RS(3) 
; 10F8 A 
GNO BINARY RS(4) 15 ENABLE P 
DECODER 
baba. ENABLE Q 
ENABLE 


REFRESH 
ENABLE 
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QUAD TTL-TO-MOS DRIVER 
FOR 4K N-CHANNEL MOS RAMs 


= CMOS Technology for Very Low @ TTL and DTL Compatible Inputs 
Power: Suitable for Battery Backup 

@ High Density: Four Drivers in 
One Package 

@ Internal Gating Structure 
Minimizes Package Count 


m@ CerDIP Package: 16 Pin DIP 


m Only One Power Supply Required, 
+12V (+10%) 


The Intel® 5235 and 5235-1 are Low Power Quad TTL-to-MOS drivers which accept TTL and DTL input levels. They provide 
high output current and voltage suitable for driving the clock inputs of N-channel MOS memories such as the 2107A or 2107C. 
The circuit operates from a single 12 volt power supply. 


The device features two common enable inputs, a refresh select input, and a clock control input for simplified system design. 
The 5235-1 is aselection of the 5235 and is guaranteed for 95ns maximum delay plus transition time while driving a 250pF load. 


The Intel ion-implanted, silicon gate Complementary MOS (CMOS) process allows the design and production of very low 
power drivers. 


PIN CONFIGURATION LOGIC DIAGRAM 


PIN NAMES 


c CLOCK CONTROL INPUT | 
0,-0, DRIVER OUTPUTS | 
Vpp _+12V POWER SUPPLY | 
NC NOT CONNECTED | 


4 SELECT INPUTS 
E,,E, ENABLE INPUTS 
R REFRESH SELECT INPUT 


| 
J 
| 
} 
| 
| 
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ABSOLUTE MAXIMUM RATINGS* 


*TFenperatare Under Bie < nocux00«< -10°C to 80°C “COMMENT: Stresses above those listed under “Absolute 
Storage Temperature ........... -65°C to +150°C aoe. eee pay Seu penvaren Bamade 1 ie 

device. This is a stress rating only and functional operation of 
Supply Voltage, Vpp --------++--- “0.5 to +14V the device at these or any other conditions above those 
All Input Voltages ........... -0.5 to (Vpp +0.5V) indicated in the operational sections of this specification |is 
Outputs for Clock Driver ...... -0.5 to (Vpp+0.5V) not implied. Exposure to absolute maximum rating 


Power Dissipation at 25°C ...........00 aes 1W conditions for extended periods may affect device reliability. 


D.C. CHARACTERISTICS 1, =0°C to 70°C, Vpp = 12V +10%. 


Symbol Parameter 


Jui! | tmput Load Current | 

VoL Output Low Voltage | | ons 
sro 015 
| Vop-0.4 | 


Vpp-0.4 | Vpp-0.15 
V t High 
OH Output High Voltage Vop 10.151 Vopt0.5 


ViL Input Low Voltage, All Inputs | ok 
Vin Input High Voltage, All Inputs 20 | | 


Ipp1 Supply Current 


Unit Test Conditions 


VIN = <0.4V or 22.4V 


Vpp =13.2V 
f = 1MHz Vin <0.4V or 
(See Vin22.4V, 
Figure 1) C. = Opf. 


3 


N 
oO 
oO 
x 
i 
o 
=. 
> 


Note 1: Typical values are at 25°C and nominal voltage. 


TYPICAL CHARACTERISTICS 


Figure 1. Figure 2. 
POWER SUPPLY CURRENT VS. FREQUENCY DELAY PLUS TRANSITION TIME 
(ALL 4 CHANNELS SWITCHING) VS. LOAD CAPACITANCE 


Ipp (mA) 
t (nsec) 


LOAD CAPACITANCE (pF) 


Figure 3. Figure 4. 
DELAY PLUS TRANSITION TIME DELAY PLUS TRANSITION TIME 
VS. INPUT VOLTAGE VS. INPUT VOLTAGE 


90 90 


tor (nsec) 


tor (nsec) 
3 8 


- 


0 0.2 0.4 0.6 0.8 2.0 2.2 2.4 2.6 2.8 
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5235, 5235-1 


A.C. CHARACTERISTICS Ta, =0° to 70°C, Vpp = 12V +10%. 


2. Ci = 200pF total stray plus clock capacitance 
3. Cy = 250pF for nine 4K RAMs. 
4. Typical values are measured at 25°C, and nominal voltage. 


CAPACITANCE” T, = 25°C 


Symbol Test Typ. 
Input Capacitance 


*This parameter is periodically sampled and is not 100% tested. 
Condition of measurement is f = 1 MHz, Vpjas = 2V, Vcc = OV, 


NOTES: 1. Cy = 150pF These values represent a range of 


and Ta = 25°C. 
WAVEFORMS 
Wig i i SS SS 
OUTPUT 
INPUT , 
2.4V 
i 
0.4V | 
GND er artes ie ae nel ee" meee iain 
1.5V 
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A.C. CONDITIONS OF TEST 


Input Pulse Amplitudes: 2.0V 

Input Pulse Rise and Fall Times: 5ns between 
0.9 volt and 1.9 volts 

Measurement Points: See Waveforms 


T 


5235, 5235-1 


Typical System 


Below is an example of a 64K x 18 bit memory system (each card is 16K x 18) employing the 5235 quad high voltage 
driver for the chip enable inputs. A single 5235 package drives 16K x 9 bits. Ag through A,, are 2107B addresses. 


+ (9 2107B’s) ———> CARD A <+——(9 2107B’s) ———> 
(ROW 4L) (ROW 4R) 


DRIVER 2 
CHIP ENABLE CHIP ENABLE 


(ROW 3L) (ROW 3R) 


CHIP ENABLE CHIP ENABLE 


(ROW 2L) (ROW 2R) 


DRIVER 1 
CHIP ENABLE CHIP ENABLE 


(ROW 1L) (ROW 1R) 
CHIP ENABLE CHIP ENABLE 


SEE TABLE 10 


SEE TABLE 1° 
DRIVER1 RS(1) , CHIP ENABLE 
RS/(3) (ROW 2L) 
DRIVER 2 [RS(3)] TABLE 1. 
a l 
DRIVER1 RS(2) © sl a : ae 
DRIVER 2 [RS(4)] | 1 E2 
ENABLE M | ENABLE P 
CHIP ENABLE ENABLE M | ENABLE Q 
(ROW 1R) ENABLE N_| ENABLE P 
ENABLE N | ENABLE GO 
CHIP ENABLE 
ae (ROW 2R) 
REFRESH 
ENABLE DRIVER #2 
OUTPUTS 


CONNECTED IN 


CHIP ENABLE o SIMILAR MANNER 


ENABLE M 


ENABLE N 
INTEL® 7 
3205 o ea 
10F8 —— " ENABLE P 
BINARY 
DECODER 
REFRESH : ENABLE Q 
ENABLE 


REFRESH 
ENABLE 
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Telecom 


TELECOMMUNICATIONS 


INTRODUCTION 


The 2910 and 2911 Codecs (Coder-Decoder) are the first members of a family of advanced Telecom- 
munication components. High density LSI fabrication techniques are used allowing sample and hold, 
digital to analog converter, and comparitors to be integrated on a single chip along with digital logic 
necessary to interface a full duplex PCM (Pulse Code Modulation) link. The primary applications are 
in telephone systems for the transmission, switching and concentration of voice communications in 
PCM systems. 


TABLE OF CONTENTS 


2910 PEM CODEG=—PLAW .nswws cere snwe wens tasene o's se insig RA ok doh A Wd we 7-3 
2011 PCM CODEG —A LAW angi ccedeeca eee ew ee Oh Re Oke ewe he Tees ee Ro eee eed 7-14 
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intel 
2910 


PCM CODEC- ZLAW 
8 BIT COMPANDED A/D AND D/A CONVERTER 


=» Per Channel, Single Chip Codec 


=» CCITT G711 & G733 Compatible. 


ATT T1 and T1/C Compatible with 
8th Bit Signaling =» Low Power Consumption 300 mW. 
Standby Power 120 mW 


+5% Power Supplies: +12V, +5V, -5V 


On-Chip Voltage Reference 


» Microcomputer Interface with On-Chip 
Time-Slot Computation 


All Digital Inputs and Outputs TTL 


Compatible. 
= 78db Dynamic Range, with Resolution 


Equivalent to 12-Bit Linear Conversion as Fabricated with Reliable N-Channel 
Around Zero MOS Process 


The Intel® 2910 is a fully integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with n-channel silicon 
gate technology. The high density of integration allows the sample and hold circuits, the digital-to-analog converter, the 
comparator and the successive approximation register to be integrated on the same chip, along with the logic necessary to 
interface a full duplex PCM link and provide in-band signaling. 


The primary applications are in telephone systems: 


e Transmission — T1 Carrier (T1C compatible) 
e Switching — Digital PBX’s and Central Office Switching Systems 
e Concentration | — Subscriber Carrier/Concentrators 


The wide dynamic range of the 2910 (78 dB) and the minimal conversion time (30 usec minimum) make it an ideal product 
for other applications, like: 


e Data Acquisition e Secure Communications Systems 
e Telemetry e Signal Processing Systems 
PIN CONFIGURATION BLOCK DIAGRAM 


TRANSMIT SECTION 
A/D 


@) SIG, 
@ ~~ VFx 
4) AUTO — 
\&, TS, 5 
wae successive = | 
() CAP, APPROXIMATION 6 
: K 
(2) CAP2, nee REGISTER Me m 
x 
CONTROL SECTION beac | 
oa » 8 
ic | Cl\Ke @ 
a) CAP Ip Op 
42 CAP2, ClKe =@ 
FSp, ® 
a9 VFR 
® SiG, 


© PIN NuMBER 


GRDA GROO Ves CC vo0 NC 
® 8 @ ®& ® ® 
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2 


10 


PIN DESCRIPTION 
Pin No. Symbol 


CAP 1 
CAP2 


VFX 


AUTO 


GRDA 


SIGr 


Vpb 


PDWN 


VFR 


Function 


Hold 


Input 


Output 


Ground 


Output 


Power 


Input 


Output 


Output 


Description 


Connections for the transmit 
holding capacitor. For an 8 
kHz sampling system the ca- 
pacitor should be 2000 pF, 
20%, ceramic or polycar- 
bonate. 


Analog input to be encoded 
into a PCM word. The signal 
on this lead is sampled at the 
Same rate as the transmit 
frame synchronization pulse 
FSyx, and the sample value is 
held in the external capacitor 
connected to the CAP1, and 
CAP2, leads until the encod- 
ing process is completed. 


Most significant bit of the en- 
coded PCM word (+5V for 
positive, -5V for negative 
value). Used as an internal 
ground offset correction, by 
integrating it through the in- 
put coupling capacitor. Refer 
to the Codec interface section. 


Analog return common to the 
transmit and receive analog 
circuits. Not connected to 
GRDD internally. The exter: 
nal connection to GRDD 
should have a very low im- 
pedance. 


Signaling output. SIGp is up- 
dated with the 8th bit of the 
receive PCM word on signal- 
ing frames, and is latched be- 
tween two signaling frames. 
TTL interface. 


+12V, +5%, referenced to 
GRDD or GRDA, depending 
upon system grounding con- 
siderations. 


Receive PCM highway (serial 
bus) interface. The Codec 
serially receives a PCM word 
(8 bits) through this lead at 
the proper time defined by 
FSr, CLKr, De, and CLKe. 


Normally low, this signal goes 
high while the Codec is in the 
power down mode. TTL inter- 
face, open drain output. 


Analog output. The voltage 
present on VFR is the decod- 
ed value of the PCM word re- 
ceived on lead Dr. This value 
is held constant between two 
conversions. For the dynamic 
range description, refer to the 
Codec operation section, de- 
coding paragraph. 


Pin No. 


11 
12 


14 


15 


16 


17 


18 


19 


Symbol 


CAP 1p 
CAP2p 


GRDD 


Dx 


TSx 


Vcc 


CLKe 


FSp 


CLKy 


Function 


Hold 


Ground 


Output 


Output 


Power 


Input 


Input 


Input 


holding capacitor. For. an 
kHz sampling system, «the 
capacitor should be 600 pF, 
20%, ceramic or polycarbon- 
ate. 


Ground return common to 
the DC power supplies, op- 
tionally Veg, Vcc, and Vpp. 


Output of the transmit side 
onto the send PCM highway 
(serial bus). The 8-bit PCM 
word is serially sent out on 
this pin at the proper time 
defined by FSx, CLKyx, De, 
and CLKc. TTL three-state 
output. 


Normally high, this signal 
goes low while the Codec is 
transmitting an 8-bit PCM 
word on the Dy lead. (Time- 
slot information used _ for 
diagnostic purposes and also 
to gate the data on the Dx 
lead.) TTL interface, open 
drain output. 


+5V, 
GRDD. 


+5%, referenced to 


Master receive clock defining 
the bit rate on the receive 
PCM highway. ‘Typically 
1.544 Mbps for a T1 carrier 
system. Maximum rate 3.2 
Mbps. 50% duty cycle. TTL 
compatible. 


Frame synchronization pulse 
for the receive PCM highway. 
Maximum repetition rate 24 
kHz. Also used to differenti- 
ate between non-signaling 
frames and signaling frames 
for the receive side. For func- 
tional description, refer to 
the Codec operation section, 
Codec control and signaling 
paragraph. TTL interface. 


Master transmit clock defin- 
ing the bit rate on the trans- 
mit PCM highway. Typically 
1.544 Mbps for a T1 carrier 
system. Maximum rate 3.2 
Mbps. 50% duty cycle. TTL 
interface. 


2910 


Pin No. Symbol Function Description 


20 FSx Frame synchronization pulse 
for the transmit PCM high- 
way. Maximum repetition 
rate 24 kHz. Also used to 
differentiate between non- 
signaling frames and signaling 
frames on the transmit side. 
For functional description, 
refer to the Codec operation 
section, Codec control and 
signaling paragraphs. TTL in- 
terface. 


Input 


21 SIGx Signaling input. This digital 
input is transmitted as the 
8th bit of the PCM word on 
the Dy lead, on signaling 


frames. TTL interface. 


Input 


FUNCTIONAL DESCRIPTION 


The 2910 PCM Codec provides the analog-to-digital and the 
digital-to-analog conversions necessary to interface a full 
duplex (4 wires) voice telephone circuit with the PCM high- 
ways of a time division multiplexed (TDM) system. 


In a typical telephone system the Codec is used between 
the PCM highways and the line filters. 


The Codec provides two major functions: 


@ Encoding and decoding of analog signals (voice and 
call progress tones) 


@ Encoding and decoding of the signaling and super- 
vision information 


On a non-signaling frame, the Codec encodes the incoming 
analog signal at the frame rate (FS) into an 8-bit PCM 
word which is sent out on the Dy lead at the proper time. 
Similarly, on a non-signaling frame of the receive link, the 
Codec fetches an 8-bit PCM word from the receive highway 
(DR lead) and decodes an analog value which will remain 
constant on lead VFR until the next receive frame. Trans- 
mit and receive frames are independent. They can be asyn- 


r--c- 


PABX /C.O. SWITCHING SYSTEM /D3 CHANNEL BANK 


BATTERY 
FEED 


TELEPHONE SET 


RINGING 


eee 


Pin No. Symbol Function 


-5V, +5%, -referenc 
GRDD or GRDA, dependin 
upon system grounding con 


Power 


siderations. “ih 


Data input to program the 
Codec for the chosen mode 
of operation. For functional 
description, see the Codec 
operation section, Codec con- 
trol paragraph. TTL interface. 


on Dc Input 


24 CLKe Clock input to clock in the 
data on the Dc lead in order 
to define the mode of opera- 
tion of the Codec. Maximum 
rate 1.6 Mbps. For functional 
description, refer to the 
Codec operation — section, 
Codec control paragraph. 
TTL interface. 


Input 


chronous (transmission) or synchronous (switching) with 
each other. 


On a signaling frame, the Codec transmit side will encode 
the incoming analog signal as previously described and 
substitute the signal present on lead SIG, for the least 
significant bit of the encoded PCM word. Similarly, on a 
receive signaling frame, the Codec will decode the 7 most 
significant bits according to the CCITT G733 recommenda- 
tion and will output the least significant bit value on the 
SIGpr lead until the next signaling frame. Signaling frames 
on the send and receive sides are independent of each other. 


The 2910 Codec is intended to be used on line and trunk 
terminations. The call progress tones (dial tone, busy tone, 
ring-back tone, re-order tone), and the pre-recorded an- 
nouncements, can be sent through the voice-path, while 
signaling (off hook and disconnect supervision, rotary dial 
pulses, ring control) is sent through the signaling path. 


Circuitry is provided’ within the Codec to internally define 
the transmit and receive time-slots in order to minimize the 
common equipment. This feature can be bypassed and 
discrete time-slots sent to each Codec within a system. 


In the power-down mode, most functions of the Codec are 
disabled to reduce power dissipation to a minimum. 


RING CONTROL 


— POM HIGHWAYS, 


TYPICAL LINE TERMINATION 
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CODEC OPERATION 
Codec Control 


The operation of the 2910 is defined by serially loading an 
8-bit word through the Dc lead (data) and the CLKc lead 
(clock). The loading is asynchronous with the other opera- 
tions of the Codec, and takes place whenever transitions 
occur on the CLKc lead. The Dc input is loaded in during 
the trailing edge of the CLK¢ input. 


BIT1 BIT2 BIT3 BIT4 BITS BIT8 


BIT6 BIT7 


SELECT 
MODE 


ASSIGN X,R 
TIME SLOT: ny, nr 


The control word cantains two fields: 


Bit 1 and bit 2 define whether the subsequent 6 bits apply 
to both the transmit and receive side (00), the transmit side 
only (01), the receive side only (10) or whether the Codec 
should go into the standby, power-down mode (11). In the 
latter case (11), the following 6 bits are irrelevant. 


FS, _- 


LOADING XMT 


2910 


The last 6 bits of the control we d? he time-slot 


assignment, from 000000 (time-slot 1}:to 


| ALT 


64). ee 


Bit 3 is the most significant bit and bit 8 the [ 
cant and last into the Codec. 


The Codec will retain the control word (or words) until a 
new word is loaded in or until power is lost. This feature 
allows to dynamically allocate the time-slots for switching 
applications. 


The clocking of a full control word (8 bits) has to take 
place in less time than the frame duration (elapsed time 
between two FSyx or FSR pulses). The Codec will load its 
transmit and/or receive time-slot control registers with the 
occurrence of the second FS (X or R) pulse following a 
transition on the CLK¢ lead. The CLKe should be de- 


activated during transmission time slots. 


LoADIN —  % 
rs, CJ 


Time-Slots 


A time-slot is a group of eight adjacent clock pulses (X or 
R) starting with a leading edge of the corresponding CLK 
(X or R). Time-slot 1 begins with the next leading CLK (X 
or R) edge following the leading edge of FS (X or R). The 
time-slots are adjacent (i.e., there is no gap between two 
consecutive time-slots). 


There are two options to run the system timing: 
1. Microcomputer Controlled Mode 


The same FSyx and FSp pulses are sent to all Codecs in 
the system. Each Codec is programmed for a different 
time-slot. Each Codec computes its own time-slot, 
counting down the CLK (X or R) pulses until there is a 
match with the last 6 bits of the control word. The 
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counts are reset by the FS (Xor R) pulse. Thus, there is 
no need for external generation of the time-slot. 


. Direct Control Mode 


Each Codec is programmed for time-slot 1 (code 
00000000 for the control word). A different FSx and 
FSrR pulse is sent to each Codec, staggered 8 clock 
pulses apart. Each Codec will consider its time-slot to be 
made of the 8 clock pulses beginning with the next lead- 
ing CLK (X or R) edge following the leading edge of the 
FS (X or R) pulse. In the direct mode, there is a need to 
externally generate a different FSy and a different FSp 
pulse for each Codec. The CLK¢ lead is tied to CLKx 
and the Dc lead is held low for normal operation, and 
high for power-down mode. 


2910 


MICROCOMPUTER CONTROL MODE 


CLKr 
FSx 


FSg |CLKc1|CLKc3 
Dc CLKc2 


Example 


The two words 01000001 and 10000010 have been loaded 
into the Codec. The transmit side is now programmed for 
time-slot 2 and the receive side for time-slot 3. The Codec 
will output a PCM word on the transmit PCM highway 
‘bus) during the time-slot 2 of the transmit frame, and will 


XMT TIME SLOT 1 


—>|~<— 


FS, IN 
CLK, IN 


D, OUT 
TS, OUT 


RCV TIME SLOT 1 
FS_ IN 1 & 1 
CLKp IN 


Dp IN 


Encoding 


The VF signal to be encoded is input on the VFy lead. An 
internal switch samples the signal and the hold function is 
performed by the external capacitor connected to the 
CAP1x and CAP2, leads. The sampling is synchronized 


XMT TIME SLOT 2 


DIRECT MODE 


FSp2 | FSR3 
FSx2 FS,x3 


FS_1 


CLKx FS x1 


fetch a PCM word from the receive PCM highway during 
time-slot 3. 


— 10000010 


XMT TIME SLOT 3 


_— 


with the transmit time-slot and the conversion takes place 
during the following frame (worst case conversion time is 
15 time-slots). The PCM word is then output on the Dx 
lead at the proper time-slot occurrence of the following 
frame as described earlier (see Codec control paragraph). 
The A/D converter saturates at 3.04 volts. 


TIME SLOT 20—»| 


ONVERSION 


193 X CLK, 
FS (24 CHANNEL SYSTEM) 
x 
TIME SLOT 20 —>| }x— 
Di ee eee ag pen Be 
TSx awatoG TO DIGITAL 
Vx 4 


A D CONV. CYCLE l 
HOLD TIME 7 
CAP, 
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Conversion Law 


The conversion law is commonly referred to as the uw Law 
or the uw = 255 Law. Its mathematical expression is: 


— In (1+pX) 
ve. In(1+) 
where X and Y are the normalized input and output of the 
encoder and decoder and yp = 255. 


The Codec approximates the u Law through 15 segments. 
Each segment is made of 16 steps. In adjacent segments, the 
step sizes are in a ratio of two to one. Within each segment, 
the step size is constant with the exception of the first seg- 
ment where the first step is half the size of the other steps 
in the segment. 


There are two transfer characteristics: the first one for 8-bit 
coding (non-signaling frame), the second one for 7-bit 
coding (signaling frame). 


For 8-bit coding, the output levels are midway between the 
corresponding decision levels. The output levels Y, are 
related to the input levels X, by the expression: 


xX,+X 
Y, = — 0<n<127 


< 
oO 
I] 


Xo = 0 n=0 


CODER TRANSFER CHARACTERISTIC 
(A/D CONVERSION) 


DIGITAL 
OUTPUT 


ANALOG 
INPUT 


CODEC TRANSFER CHARACTERISTIC. 
(8 BITS CODING) | 


DECODER TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 


ANALOG 
OUTPUT 


DIGITAL 
INPUT 
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dt LAW — POSITIVE INPUT VALUES 
(For Negative Input Values, Invert Bit 1) 


No. of Steps Decision Decision nears Decode’, 1 
. i‘ pain Value No. Value X, Bit Number Output 
X Step Size 


. Output 
End Points (1) 12345678 Value No. 


(8159) 
7903 


4319 
4063 


2143 
2015 
1055 
991 
511 
479 
239 
223 
103 
95 


35 
31 


NOTES: (1) 8159 normalized value units correspond to VF x max = 3.17 dBmO or 3.14 volts. 
(2) The PCM word corresponding to positive input values between two successive decision values numbered n and n+1 (see column 
4) is (255-n) expressed as a binary number. 
(3) X42g is a virtual decision value. 


For 7-bit coding on signaling frames, the 8th bit is not used 
for coding but is used to transmit signaling information. 
The transfer characteristic is shifted upwards by half a step 
and alternate decoding levels are eliminated owing to the 
lower resolution of the 7-bit code; except for the level next 
to zero, the output level is again half way between two 
decision levels. 


Yn = Kona 1<n<63 
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TELECOM 


Decoding the CAP1q and CAP2q leads, The outpu 
The PCM word fetched from the receive PCM highway is VFR has a dynamic range of +3.09 volts. for. 8 
decoded as described in the previous paragraph. The de- and +3.04 volts for 7 bits coding; it is held. consta : 


coded value is held in the external capacitor connected to tween two successive decode operations. 
Signaling @ A pulse having a two full clock (CLKy for FSy, 
The duration of the FSx and FSp pulses defines whether a 3 for FSR) periods duration means a signaling 
frame is an information frame or a signaling frame: hla 
@ A pulse with a full clock period (CLKx for FS x, When the FS x pulse is widened, the 8th bit of the PCM 
CLKpr for FSp) in duration means a non-signaling word will be replaced by the value on the SIG, input at the 
frame. time when the 8th bit is output on the Dy lead. 


——— TSly 


eee aan ial ie a 1 Snead 


8n-7 XMIT SIGNAL FRAME 8n 
pol ky 
Car \Ce2 Xs Ye Kas oe or rar > >- 


| 5 
$$$ ee eee ees eePeeN 
= VF, HOLD TIME pe ee ae 


$——  -----—__—- — 5 


On the decoding side, when the FSp pulse is widened, the The remaining 7 bits are decoded according to the value 
8th bit of the PCM word is detected and transmitted on the given in the conversion law section (CCITT G733 recom- 
SIGr lead. That output is latched until the next receiving mendation). 


signaling frame. 


oo TSip Sa a TSne | abe |_——______. TSnp ee 


CLKe ALE LPLPLE LEE LAL ePL, ALL LLL, FLL APL APPANAPL 
ih REC. SIGNAL FRAME 
FSRe oF —C‘(‘“‘(‘(‘(CC:; 
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Standby Mode — Power Down 


To minimize power consumption and dissipation in large 
systems, a standby mode is provided by loading a control 
word (Dc) with a‘“’1"’ in bits 1 and 2 locations. Most of the 
Codec functions thereby become disabled, with the excep- 
tion of the interface to the Dc and CLK¢ leads, to allow 
the Codec to be reactivated. 


APPLICATION — LINE INTERFACE 
Grounding 


Digital grounding is connected to the GRDD lead. It is the 
common return for the digital signals. 


ANALOG CKTS 


DIGITAL CKTS 


EXTERNAL 2000pF 
nm 


co 


O.1pt 


Analog grounding is connected to the GRDA lead. The 
GRDA and GRDD lead are nox connected inside the 2910. 
An external connection is thus necessary outside the Codec 
to tie all the analog ground lines to the common return of 
the system GRDD. That external connection has to have a 
minimal impedance to avoid a DC offset in the Codec. 


The power consumption in the standby m c 


is less than 
120 mW. : 


VOLTAGE REFERENCE FOR THE D/A 
CONVERSION 


The voltage reference is generated on-board the chip and is 
calibrated during the manufacturing process. The dynamic 
range of the digital-to-analog converter is +3.09 volts. 


Auto Zero 


The auto zero output (most significant bit or sign bit of the 
A/D conversion) integrated over a long time constant will 
compensate for the DC offset inside the Codec (voltage 
difference between the bottom of the DAC and GRDA). 
The above drawing shows a possible connection between 
the VF and Auto leads. 


Filters Interface 


Attached is the schematic of the equivalent circuits of the 
input and output of the Codec. Note that the output pulse 
stream is of the non-return to zero type. 


0.1 jf 
‘a ® 
FILTER 


330 


FILTER 
O.1uF 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias............. -40°C to +80°C *COMMENT: Stresses above those listed under: 
Storage Temperature.............. -~65°C to +150°C mum Ratings’’ 


. ly and functional operation of the davied at. these 
Supply Voltage with Respect to Vss.... . - + nea SAG (a 
ia 2 ‘ 7 OY tat py any other conditions above those indicated in the operational. sec> 


All (npult Voltages 6a bee ae eae 9 -0.5V to (Vpp + 1V) tions of this specification is not implied. Exposure to absolute maxi- |). 
0 eee ee ee oe -1V to (Vpp + 1V) mum rating conditions for extended periods may affect device 
Power Dissipation <4 sa... sewed eek ee wea § 1.35W reliability. 


“Absolute 


DC AND OPERATING CHARACTERISTICS 
Ta =O Cto+70°C, Vpp = +12V, Vec = 5V, Veg =-5V 


DIGITAL INTERFACE 


Vit Input Low Voltage a ee 
Vi Input High Voltage +20] | | vii 


VoL Output Low Voltage lo. = 10 mA on Dx, 2.0 mA on SIGR, 


6.4 mA on TSx 
VoH Output High Voltage loH = 0.6 mA on SIGR, 30 mA on Dy 


ANALOG INTERFACE 


Ait Input Leakage when Sampling a -3.1V < Vin <3.1V 


Aiz Input Impedance when Sampling ES In series with CAPy to GRD 


Aoz Output Impedance 1.8 ast ae tT a User provided VFR pull-down to Veg 


POWER DISSIPATION 


Standby Current pee 
Standby Current PT 


Vpp = +12, +10% 
Vec = 5.0,+10% 
Veep = —-5.0, -10% 
Clocking Frequency 
X&R = 1.544 Mbps 


[Operating Current ———SC*dSSC*dSSSSidSC | 
[Operating Curent] || 8A 


[Oreratngcurent | | | mA 
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TIMING SPECIFICATION 
TRANSMIT SECTION 


tcy Clock Period (2.048 MHz Systems) 


tcLkK 230 Nominal 50% duty cycle 
tps | NewDataSetup = | 25 | ns Increase by 0.1 ms/pF below 500 pF 


<«—_—_—— TIME SLOT 1——-3;———> 


CLK 

CLKx a 
= 
S 
Dx ud 
FSx 28 
NON-SIGNALING -_ 

_ FRAMES 

TSx 


FSx 
SIGNALING 
RECEIVE AND CONTROL SECTIONS 


tveR Analog Output Update Time From the trailing edge of the channel 
Slot time slot 

tsiGp SIGR Update 300 n From thetrailing edge of the channel 
time slot 


tosrR Receive Data Setup 20 Si 
tpHR Receive Data Hold | 50 | | ns 


tpsc Control Data Setup 
tpHc Control Data Hold 
tesp Frame Sync Delay ns 


<+-—__—_—— TIME SLOT 1——4> 


CLKrR 


CLKpr 


>| tosr |-— em pa tA 


—>| toHR -*— || ol ls ot 


FSR 
NON-SIGNALING 
FRAMES 


in 


2911 
PCM CODEC — A LAW 


8-BIT COMPANDED A/D AND D/A CONVERTER 


@ Per Channel, Single Chip Codec m@ +5% Power Supplies: +12V, +5V, -5V 


= CCITT G711 and G732 Compatible. = On-Chip Voltage Reference 


Even Order Bits Inversion Included = Low Power Consumption: 250 mW. 


= Microcomputer Interface with On-Chip Standby Power: 90 mW 
Time-Slot Computation = All Digital Inputs and Outputs TTL 
= 66dB Dynamic Range, with Resolution Compatible 
Equivalent to 11-Bit Linear Conversion = Fabricated with Reliable N-Channel 
Around Zero MOS Process 


The Intel® 2911 is a fully integrated PCM (Pulse Code Modulation) Codec (Coder-Decoder), fabricated with N-channel 
silicon gate technology. The high density of integration allows the sample and hold circuits, the digital-to-analog 
converter, the comparator and the successive approximation register to be integrated on the same chip, along with the 
logic necessary to interface a full duplex PCM link. 


The primary applications are in telephone systems: 


e Transmission — 30/32 Channel Systems at 2.048 Mbps 
e Switching — Digital PBX’s and Central Office Switching Systems 
e Concentration — Subscriber Carrier/Concentrators 


The wide dynamic range of the 2911 (66 dB) and the minimal conversion time (40 psec minimum) make it an ideal product 
for other applications, like: 


e Data Acquisition e Secure Communications Systems 
e Telemetry e Signal Processing Systems 


PIN CONFIGURATION BLOCK DIAGRAM 


TRANSMIT SECTION 
A/D 


VFy 
AUTO 


Ole) 


SUCCESSIVE 


CAP1 1 CLK @ caPry APPROXIMATION 

x LI c @® carr, REGISTER 
CaP2, [ | 2 21] | Dc 

vFy [| 3 201 | Ves 
AUTO [| | 4 19] | FSy 
GRDA | | 5 18 [ ] CLKx 

Vop [|_| 6 17 [ | FSR 

On| |7 16 | | CLKp 

(0) CAP Ig 
Pown [ | 8 51 | Vcc G7) CAP2p 
RECEIVE SECTION 

VFa [ 9 14] | TSx 3) VR a 

CAPipg | | 10 13 [ | Dx 


CAP2R | [1 12 [ | GROD 


GRDA GRDO ves “Cc vo00 


®©® @® @ ®H © 


© IN NuMBER 
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PIN DESCRIPTION 


Pin No. Symbol 
1 CAP1x 
2 CAP2x 
| VFx 
4 AUTO 
5 GRDA 
6 Vopb 
7 Dr 
8 PDWN 
9 VFR 


Function 
Hold 


Input 


Output 


Ground 


Power 


Input 


Output 


Output 


Description 


Connections for the trans- 
mit holding capacitor. For 
an 8 kHz sampling system 
the capacitor should be 
2000 pF, 20%. 


Analog input to be encoded 
into a PCM word. The sig- 
nal on this lead is sampled 
at the same rate as the 
transmit frame synchroni- 
zation pulse FSx, and the 
sample value is held in the 
external Capacitor connec- 
ted to the CAP1x and 

CAP2x leads until the en- 


coding process is completed. 


Most significant bit of the 
encoded PCM word (+5V 
for positive, -5V for nega- 
tive value). Used as an in- 
ternal ground offset cor- 
rection, by integrating it 
through the input coupling 
capacitor. Refer to the 
Codec interface section. 


Analog return common to 
the transmit and receive 
analog circuits. Not con- 
nected to GRDD internally. 
The external connection to 
GRDD should have a very 
low impedance. 


+12V, +5%, referenced to 
GRDD or GRDA, depend- 
ing upon system grounding 
considerations. 


Receive PCM highway (ser- 
ial bus) interface. The Cod- 
ec serially receives a PCM 
word (8-bits) through this 
lead at the proper time 
defined by FSr, CLKr, Dc, 
and CLKc. 


Normally low, this signal 
goes high while the Codec 
is in the power down mode. 
TTL interface, open drain 
Output. 


Analog output. The voltage 
present on VFR is the de- 
coded value of the PCM 
word received on lead Dr. 
This value is held constant 
between two conversions. 
For the dynamic range des- 
Cription, refer to the Codec 
operation section, decod- 
ing paragraph. 
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Pin No. Symbol 
10 CAPIR 
11  CAP2rR 
12 GRDD 
13 Dx 
14 TSx 
15 Vee 
16 CLKr 
17 FSr 
18 CLKx 
19 FSx 


Function 
Hold 


Ground 


Output 


Output 


Power 


Input 


Input 


Input 


Input 


Description 


Connections for the re- 
ceive holding capacitor. 
For an 8 kHz sampling sys- 
tem, the capacitor should 
be 400 pF, 20%. 


Ground return common to 
the DC power supplies, op- 
tionally Ves, Vcc, and Vpp. 


Output of the transmit side 
onto the send PCM high- 
way (serial bus). The 8-bit 
PCM word is serially sent 
out on this pin at the proper 
time defined by FSx, CLKx, 
Dc, and CLKc. TTL three- 
state output. 


Normally high, this signal 
goes low while the Codecis 
transmitting an 8-bit PCM 
word on the Dx lead. (Time- 
slot information used for 
diagnostic purposes and 
also to gate the data on the 
Dx lead.) TTL interface, 
open drain output. 


+5V, +5%, 
GRDD. 


referenced to 


Master receive clock defin- 
ing the bit rate on the re- 
ceive PCM highway. Typi- 
cally 2.048 Mbps for a car- 
rier system. Maximum rate 
2.1 Mbps. 50% duty cycle. 
TTL compatible. 


Frame synchronization pulse 
for the receive PCM high- 
way. Maximum repetition 
rate 16 KHz. For functional 
description, refer to the 
Codec operation section, 
Codec control paragraph. 
TTL interface. 


Master transmit clock de- 
fining the bit rate on the 
transmit PCM highway. Typi- 
cally 2.048 Mbps for a car- 
rier system. Maximum rate 
2.1 Mbps. 50% duty cycle. 
TTL interface. 


Frame synchronization pulse 
for the transmit PCM high- 
way. Maximum repetition 
rate 16 KHz. For functional 
description, refer to the 
Codec operation section, 
Codec control paragraph. 
TTL interface. 
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Pin No. Symbol Function Description 


20 VeBB Power -5V, +5%, referenced to 
GRDD or GRDA, depend- 
upon system grounding 
considerations. 

21 Dc Input Data input to program the 


Codec for the chosen mode 
of operation. For functional 
description, see the Codec 
operation section, Codec 
control paragraph. TTL in- 
terface. 


FUNCTIONAL DESCRIPTION 


The 2911 PCM Codec provides the analog-to-digital and 
the digital-to-analog conversions necessary to interface a 
full duplex (4 wires) voice telephone circuit with the PCM 
highways of a time division multiplexed (TDM) system. 
The Codec is intended to be used on line and trunk 
terminations. 


In a typical telephone system the Codec is located 
between the PCM highways and the channel filters. 


The Codec encodes the incoming analog signal at the 
frame rate (FSx) into an 8-bit PCM word which is sent out 
on the Dx lead at the proper time. Similarly, on the receive 
link, the Codec fetches an 8-bit PCM word from the 


Pin No. Symbol Function “Description: 


22 CLKc Input 


Clock input to clock in the 
data on the Dc lead.in order. 
to define the mode of opera- 
tion of the Codec. Maxi- | 
mum rate 2.1 Mbps. For’ > 
functional description, re- 
fer to the Codec operation 
section, Codec control para- 
graph. TTL interface. 


receive highway (Dr lead) and decodes an analog value 
which will remain constant on lead VFR until the next 
receive frame. Transmit and receive frames are independ- 
ent. They can be asynchronous (transmission) or 
synchronous (switching) with each other. 


Circuitry is provided within the Codec to internally define 
the transmit and receive time-slots in order to minimize 
the common equipment. This feature can be bypassed 
and discrete time-slots sent to each Codec within a 
system. 


In the power-down mode, most functions of the Codec are 
disabled to reduce power dissipation to a minimum. 


r--ccl-l- llr eee 


PABX /C.0. SWITCHING SYSTEM /CHANNEL BANK 


BATTERY 
FEED 


TELEPHONE SET 


RINGING 


he 
4W 


HYBRID 


RING CONTROL 


CONTROL TRANSMISSION 
HIGHWAYS HIGHWAYS 


Le es ee eee ee ee 


TYPICAL LINE TERMINATION 


CODEC OPERATION The last 6 bits of the control word:define ' 
Codec Control lial from 000000 (time-slot 1) to. 11411 
The operation of the 2911 is defined by serially loading an 
8-bit word through the Dc lead (data) and the CLKc lead 
\clock). The loading is asynchronous with the other opera- 
tions of the Codec, and takes place whenever transitions 
occur on the CLKc lead. The Dc input is loaded in during 
the trailing edge of the CLKc input. 


Bit 3 is the most significant bit and bit’8 the least sign 
cant and last into the Codec. ay 


Do ----- — : 
BIT1 BIT2 BIT3 BIT4 BITS BIT6 BIT7 BITS Standby 111111 
| 
SELECT ASSIGN X,R 
MODE TIME SLOT: ny. np The Codec will retain the control word (or words) until a 
. new word is loaded in or until power is lost. This feature 
The control word contains two fields: allows dynamic allocation of the time-slots for switching 
Bit 1 and bit 2 define whether the subsequent 6 bits apply applications. 


to both the transmit and receive side (00), the transmit side 
only (01), the receive side only (10) or whether the Codec 
should go into the standby, power-down mode (11). 


When coming out of the power down mode, double and/or receive time-slot control registers upon the 
programming is required with the two 8-bit bursts occurrence of the second FS (X or R) pulse following a 
separated by at least two frames. transition on the CLKc lead. The CLKc should be 


deactivated during transmission time slots. 


LOADING XMT 


cuxe- I 


LOADING RCV 


ee | ee | es | 


Time-Slots 
A time-slot is a group of eight adjacent clock pulses (X or down the CLK (X or R) pulses until there is amatch with 
R) starting with a leading edge of the corresponding CLK the last 6 bits of the control word. The counts are reset 
(X or R). Time-slot 1 begins with the next leading CLK (X or by tne FS (X or R) pulse. Thus, there is no need for 
R) edge following the leading edge of FS (X or R). The time- external generation of the individual time-slot pulses. 
slots are adjacent (i.e., there is no gap between two 
consecutive time-slots). 2. Direct Control Mode 
Each Codec is programmed for time-slot 1 (code 
There are two options to run the system timing: 00000000 for the control word). A different FSx and FSR 
pulse is sent to each Codec, staggered 8 clock pulses 
1. Microcomputer Controlled Mode apart from Codec to Codec. Each Codec will consider 
its time-slot to be made of the 8 clock pulses beginning 
The same FSx pulse is sent to all Codecs in the system. with the next leading CLK (X or R) edge following the 
Similarily, each Codec receives the same FSp pulse. leading edge of the FS (X or R) pulses. In the direct 
Each Codec is programmed for a different time-slot. mode, there is a need to externally generate a different 
Each Codec computes its own time-slot, counting FSx and a different FSR pulse for each Codec. 
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The clocking of a full control word (8 bits) has to take place 
in less time than the frame duration (elapsed time between 
two FSx or FSR pulses). The Codec will load its transmit 
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MICROCOMPUTER CONTROL MODE 


Dx Dr CLKr 
CLKx FS x Dc CLKc2 


FSg |CLKc1|CLKc3 


, Example: 


The two words 01000001 and 10000010 have been loaded 
into the Codec. The transmit side is now programmed for 
time-slot 2 and the receive side for time-slot 3. The Codec 
will output a PCM word on the transmit PCM highway 
(bus) during the time-slot 2 of the transmit frame, and will 
fetch a PCM word from the receive PCM highway during 
time-slot 3. 


| « XMT TIME SLOT 1 


aa en 


FS, IN 


XMT TIME SLOT 2 


DIRECT MODE™,. 


Dx Dr CLKr | FSp1 | FSp2 | FSp3 
CLKx FSx1 FSx2~ FSx3 


SEPARATED BY AT 
LEAST TWO FRAMES 


ax iN SLELU UU UU UL UEU LU UU UU UU UU UU au 
ae a aan eee ee ON) RE (NE (NG (EE A (CA (SAA Po a 


TS, OUT 


FSp IN 1 2 4 6 4 


ox, w ILELTLU LLU UL UL UL Lu 
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Encoding 


The VF signal to be encoded is input on the VFx lead. An 
internal switch samples the signal and the hold function is 
performed by the external capacitor connected to the 
CAP1x and CAP2x leads. The sampling is synchronized 
with the transmit time-slot and the conversion takes place 


— 256 X CLK | 


| (32 CHANNEL SYSTEM) 
FS, 


TIME SLOT 30—+| }— 


~<—— PCM WORD CLOCKED IN > 


during the following frame (worst case conversion time is 
16 time-slots). The PCM word is then output on the Dx lead 
at the proper time-slot occurrence of the following frame 
as described earlier (see Codec control paragraph). The 
A/D converter saturates at 3.05 volts. 


TIME SLOT 30» je 


a a (]---------------- +--+ - o-oo ee ee eee eee eee leesee _ oo ; ; 
TS 
; wALoG TO DIGITAL CONVERSION 
| 
“ ——<— ) ee 
A D CONV CYCLE | 
— HOLD TIME 

CAP, 
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Conversion Law 


The conversion law is commonly referred to as the A Law. 


The Codec provides a piecewise linear approximation of 
the logrithmic law through 13 segments. Each segment is 
made of 16 steps with the exception of the first segment 
which has 32 steps. In adjacent segments the step sizes 
are in a ratio of two to one. Within each segment, the step 
size is constant. 


The output levels are midway between the corresponding 
decision levels. The output levels Yn are related to the 
input levels Xn by the expression: 


Xn-1 + Xn 
ne O0<n< 128 


CODER TRANSFER CHARACTERISTIC 
(A/D CONVERSION) 


DIGITAL 
OUTPUT 


ANALOG 
INPUT 
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CODEC TRANSFER CHARACTERISTI 


. VFR 


-3.10V 


DECODER TRANSFER CHARACTERISTIC 
(D/A CONVERSION) 


ANALOG 
OUTPUT 
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= 
3.05V VFx 
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INPUT 


= 
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A LAW — POSITIVE INPUT VALUES 


(For Negative Input Values, Invert Bit 1) 


a ee ee 


Value at Decision 
Segment Value No. 
End Points 


Segment | No. of Steps 
x Step Size 


(4) : 
Decision PCM Word Normalized Decoder 


Value X, Bit Number Value at Output 


(1) Decoder Value No. 
123.45 67 8loutputy, 


(4096) 
3968 


© 
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(1) 4096 normalized value units correspond to VF x max = 3.14 dBm0O or 3.15 volts. 
(2) The PCM word corresponding to positive input values between two successive decision values numbered n and n+1 (see column 4) 


is (128+n) expressed as a binary number. 
(3) X49g isa virtual decision value. 


(4) The PCM word on the highways is the same as the one shown in column 6, with the even order bits inverted. The 2911 provides 
for the inversion of the even order bits on both the send and receive sections. The sign bit is inverted on the encoder side only. 
(5) The voltage output on the VFR lead is equal to the normalized value given in the table, augmented by an offset. The offset value 


is approximately 15mV. 


Decoding 


The PCM word fetched from the receive PCM highway is 
decoded as described in the previous paragraph. The de- 
coded value is held in the external capacitor connected to 
the CAP1R and CAP2R leads. The output signal on lead 


VFR has a dynamic range of +3.10 volts; it is held constant 
between two successive decode operations. The VFR 
Output is updated within the fifth time-slot following the 
receive time-slot in which the channel is operating. 
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Standby Mode — Power Down 


TO minimize power consumption and dissipation in large 
systems, a standby mode is provided by loading a control 
word (Dc) with a “1” in bits 1 and 2 locations. Most of the 
Codec functions thereby become disabled, with the 
exception of the interface to the Dc and CLKc leads, to 
allow the Codec to be reactivated. 


The power consumption in the standby mode is less than 
90 mW. 


APPLICATION — LINE INTERFACE 
Grounding 


Digital grounding is connected to the GRDD lead. It is the 
common return for the digital signals. 


*V,GRDA 


O.1uf 
-—— FILTER}-—4|-—-»— 


470K 


ANALOG CKTS. | DIGITAL 


(vy 


1 


—— 
¢ 

C 

= i 2.2K 

C 

c 

(a 


Analog grounding is connected to the GRDA lead. The 
GRDA and GRDD lead are not connected inside the 2911. 
An external connection is thus necessary outside the 
Codec to tie all the analog ground lines to the common 
return of the system GRDD. That external connection has 
to have a minimal impedance to avoid a DC offset in the 
Codec. 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias............. -40°C to +80°C 
Storage Temperature.............. -65°C to +150°C 
Supply Voltage with Respect to Vss..... -0.5V to +14V 
All Iriput Voltages, .as se s0h ad a's -0.5V to (Vpp + 1V) 
OUTOUTS occ ce eee de ewe nase ean -1V to (Vpp + 1V) 
Power Dissipation. ..«..0ciseneeaeveeeeeeawas 1.35W 


2911 


VOLTAGE REFERENCE FOR TH 
CONVERSION 2 


The voltage reference is generated on-board the chip a 
is calibrated during the manufacturing process. Th 
tolerance is +20mV. The dynamic range of the digital-to- . 
analog converter is +3.10 volts. we, 


Auto Zero 


The auto zero output (most significant bit or sign bit of the 
A/D conversion) integrated over a long time constant will 
compensate for the DC offset inside the Codec (voltage 
difference between the bottom of the DAC and GRDA). 
The above drawing shows a possible connection between 
the VFx and Auto leads. 


While improving DC offset, the use of Auto Zero may raise 
idle channel noise due to biasing near zero with resultant 
encoder “hunting” of the least significant bit. 


Filters Interface 


Attached is the schematic of the equivalent circuits of the 
input and output of the Codec. Note that the output pulse 
stream is of the non-return to zero type. 


O.1pf 
FILTER 


470K 


“COMMENT: Stresses above those listed under ‘Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 
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DC AND OPERATING CHARACTERISTICS 
Ta =0°C to +70°C, Vpp = +12V, Vec = 5V, Veg = -5V 


POWER DISSIPATION 


Symbol 


To}eye) 
lcco 
IBBO 


IppI 
loc! 
lBBI 


Parameter 


Standby Current 
Standby Current 
Standby Current 


Operating Current 


Operating Current 


Operating Current 


DIGITAL INTERFACE 


Symbol 


Me 
NH 
Vit 
Vin 


VoL 


VOH 


Parameter 


Low Level Input Current 
High Level Input Current 
Input Low Voltage 
Input High Voltage 


Output Low Voltage 


Output High Voltage 


ANALOG INTERFACE 


Symbol 
Ait 
Aiz 
Aoz 
Aor 


Nic 
AG 


S/D 


Parameter 


Input Leakage when Sampling 
Input Impedance when Sampling 


Output Impedance 


Dynamic Range (VFR) 


Idle Channe! Noise 


Gain Tracking Deviation from 
Gain at OdBmO 


ioe) 


Signal to Total Distortion Ratio 


+2.0 


NO 
i 
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108] 
Oo 
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OO 


ae 
w 
0/9 
3 
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Limits 
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Test Conditions 


Vpp = +12, +10% 
Vec = 5.0,+10% 
Veep = -5.0, -10% 
Clocking Frequency 
X&R = 2.048 Mbps 


Test Conditions 


Vin < Vir 
Vin > Vin 


lo. = 10 mA on Dy 
6.4 mA on TSx 


lon = 30 mA on Dy 


Test Conditions 
-3.1V < Vin <3.1V 
In series with CAP, to GRD 


+10 mV 


Signal Level +3dBmO to -40dBmO 
Signal Level -40dBm0O to -50dBmO 
Signal Level -50dBmO to -55dBmO 


Signal Level OdBmO to -30dBmO 
Signal Level -40dBm0O to -45dBmO 
Signal Level -45dBmO 


TIMING SPECIFICATION 


TRANSMIT SECTION 

Sumbel p | Limits | ' “ 

ymbo arameter cic nits omments 
tcy Clock Period (2.048 MHz Systems) 
tr, Ue Clock Rise and Fall Time 
tcLK Clock Pulse Width Nominal 50% duty cycle 
tos New Data Setup Increase by 0.1 ns/pF below 500 pF 
tpHx Data Hold Time 
tuzx Data Float on TS Exit 
tsoFrF Time Slot X to Disable 
tpzx Data Enabled on TS Entry 
tson Time Slot X to Enable 
tesp Frame Sync Delay 

TIME SLOT 
= ‘cy —+ | TIME SLOT 1 —4+——> 
——>|cLK | 
1 2 3 4 5 6 7 8 
CLKyx | *| tos 
‘DHX : | | 

tpzx > H2x =) | = ‘esp <— 'FSD 
HIZ 
. (OOO ~—— 

‘SON > tsorr - aa ie 


RECEIVE AND CONTROL SECTIONS 


Parameter Comments 


Analog Output Update From the trailing edge of the channel 


time slot 


tosr Receive Data Setup 
tpHR Receive Data Hold 
tpsc Control Data Setup 


Control Data Hold 
Frame Sync Delay 


TIME SLOT 1 ———jf-~+ 


—~ ‘DSR | ~ «tr CLKp 


el t : bp 
, Oc \\\ \\\ O¢ 
\\ STABLE AY STABLE 
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SERIES 3000 BIPOLAR MICROPROCESSOR 


INTRODUCTION 


Since its introduction, the Series 3000 family of computing elements has found acceptance in a 
wide range of high performance applications from disk controllers to airborne central processors. 
The Series 3000 offers the flexibility, performance, and system integration necessary for an effective 
system solution for both high speed controllers and central processors. 


The entire 3000 family is available in commercial and military temperature range versions. In addi- 
tion to the components, Intel has also developed a comprehensive support system to assist the user 
in writing microprograms, debugging hardware and-microcode, and programming PROMs for both 
prototype and production systems. 


TABLE OF CONTENTS 


Control Unit 
3001 Microprogram Control Unit .... 2-0. s ccc ween ee we ween ncn ew eunebeteuceeuvess 8-3” 


Central Processing Element 
3002 Central Processing Element .......06000cecccneauntdvesvawavadunwustunee ween 8-4* 


Look-Ahead Carry Generator 
3003 Loagk-AWead Carry Generator ...ccvcvvavacvde bedetvesuewastuacewe beeaewe aan 8-5* 


Latch Buffer 

3212 Multi-Mode Latch Buffer 

Seer 6212/6212 4-Bit Input/Outout Port. « goa vce aed he ae a ese hu eK Ge @ de Oe ee eee ee ewe BY 12-20 
Interrupt Control Unit 

3214 Interrupt Control Unit 

See: 62 14/3214 Prionty interrupt Control Unit. esis 2 bt eos ea ag webe ee wees eee ee ek ee 12-38 
Parallel Bidirectional Bus Driver 

3216 Parallel Bidirectional Bus Driver 

See: 8216/3216 4-Bit Parallel Bidirectional Bus Driver............. 0.000 eee eee eee eee eee 12-41 


*Partial data sheets are shown here. For complete specifications, contact Intel Literature Department, Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, California 95051. 
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3001 


MICROPROGRAM CONTROL UNIT 


The INTEL® 3001 Microprogram Con- 
trol Unit (MCU) controls the sequence in 
which microinstructions are fetched 
from the microprogram memory. Its 
functions include the following: 


Maintenance of the microprogram 
address register. 


Selection of the next microinstruction 
based on the contents of the micro- 
program address register. 


Decoding and testing of data supplied 
via several input busses to determine 
the microinstruction execution 
sequence. 


Saving and testing of carry output data 
from the central processor (CP) array. 


Control of carry/shift input data to 
the CP array. 


Control of microprogram interrupts. 


CONTROL TO 
MEMORY 1/0 


= 
oS 
— 
Oo 
= \ PIPELINE 
= REGISTER 
= \ (OPTIONAL) 
ro) 
fe <4 
MICRO. o \ 
PROGRAM = 


MEMORY 


ADDRESS IN | 


CLOCK 


High Performance — 85 ns Cycle 
Time 
TTL and DTL Compatible 
Fully Buffered Three-State and Open 
Collector Outputs 
Direct Addressing of Standard Bipolar 
PROM or ROM 
512 Microinstruction Addressability 
Advanced Organization 
9-Bit Microprogram Address Register 
and Bus 
4-Bit Program Latch 
Two Flag Registers 


Eleven Address Control Functions 
Three Jump and Test Latch 
Functions 
16-way Jump and Test Instruction 
Bus Function 


Eight Flag Control Functions 
Four Flag Input Functions 
Four Flag Output Functions 

40 Pin DIP 


MEMORY 
AOORE SS BUS 


OATA BOS 
YO MEMORANW 


A OUTPUTS 


FO SG \ 


DO OUTPUTS \ 
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PACKAGE CONFIGURATION 


OMAN DOA WH — 


INTEL® 
3001 


\NSTRUCTION BUS 


Figure 1. Block Diagram of a Typical System 
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3002 


CENTRAL PROCESSING ELEMENT 


The INTEL 3002 Central Processing 
Element contains all of the circuits that 
represent a 2-bit wide slice through the 
data processing section of a digital com- 
puter. To construct a complete central 
processor for a given word width N, it 
is simply necessary to connect an array 
of N/2 CPE’s together. When wired 
together in such an array, a set of CPE’s 
provide the following capabilities: 


2's complement arithmetic 


Logical AND, OR, NOT and 
exclusive-OR 


Incrementing and decrementing 
Shifting left or right 

Bit testing and zero detection 
Carry look-ahead generation 


Multiple data and address busses 


CONTROL TO 
MEMORY 1/0 


— 
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\ PIPELINE 


= | 
te | \\ REGISTER 
= | \ (OPTIONAL) 
fo) \ 
a \ 

MICRO 2 | \\ 

PROGRAM = 

MEMORY 


ADDRESS IN 


High Performance — 100 ns Cycle Time 
TTL and DTL Compatible 


N-Bit Word Expandable Multi-Bus 
Organization 
3 Input Data Busses 
2 Three-State Fully Buffered Output 
Data Busses 


PACKAGE CONFIGURATION 


11 General Purpose Registers 
Full Function Accumulator 


Independent Memory Address Register 


INTEL® 


3002 
Cascade Outputs for Full Carry 


Look-Ahead 


Versatile Functional Capability 
8 Function Groups 
Over 40 Useful Functions 
Zero Detect and Bit Test 


Single Clock 
28 Pin DIP 


MEMORY 
AOORESS BUS 
rc 


OATA BUS 
VO MEMORY 


CLOCK | 
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| MAO-8 
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SXO-PX7 FCO-3 
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Figure 1. Block Diagram of a Typical System 


\NSTRUCTION BUS 


DATA FROM DATA FROM 
MENORN DEN ACES 


8-4 


intel 
3003 
LOOK-AHEAD CARRY GENERATOR 


The INTEL® 3003 Look-Ahead Carry High Performance — 10 ns typical PACKAGE CONFIGURATION 
Generator (LCG) is a high speed circuit propagation delay 

capable of anticipating a carry across a 

full 16-bit 3002 Central Processing Compatible with INTEL 3001 MCU 7 " 
Element (CPE) array. When used with a and 3002 CPE . a 


larger 3002 CP array multiple 3003 carry 
generators provide high speed carry |ook- DTL and TTL compatible 
ahead capability for any word length. 


Full look-ahead across 8 adders Xs “e 
The LCG accepts eight pairs of active Xs ts 
high cascade inputs (X,Y) and an active Low voltage diode input clamp Ve Cn+6 
low carry input and generates active Va v, 
low carries for up to eight groups of Expandable cn+5 x, 
binary adders. X3 Xo 


28-pin DIP Y3 
Cn+4 
Cn+2 
GND 


Cn+3 
Cn+1 


CONTROL TO MEMORY WOATA BOS 
MEMORY 1/0 AOOWRE SS BLUIS TO MEMORY 
a ~ ee 
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Diagram of a Typical System 
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MCS-4/40™ MICROPROCESSOR 


INTRODUCTION 


The MCS-4/40™ microprocessor family has been in use for a wide variety of computer and con- 
trol applications since 1971. The 4004 and 4040 are complete 4-bit parallel central processing 
units (CPUs). The 4040 has a complete instruction set of 60 instructions, including arithmetic, 
interrupt, logical operations, !/O instructions, register instructions, ROM bank switching, register 
bank switching, interrupt disable, and enable. The 4004 has a total of 46 instructions all of which 
are part of the 4040 instruction set and are mutually compatible. 


TABLE OF CONTENTS* 


Central Processing Unit 


4040 Single Chip 4-Bit P-Channel Microprocessor ........ 0... cee eee ee ee eee ee 9-3 

4004 Single Chip 4-Bit P-Channel Microprocessor ....... 0... cee ee ee es 9-4 
Input/Output 

4008 10-Bit Shift Register/Outout Expander ...6.:.cce5 0400 6bteenseeteeeseneseeeusneues 9-5 

4265 Programmable General Purpose 1/O Device... 2... . ec eee eens 9-6 

4269 Programmable Keyboard Display Device ... 1... ee ee ee es 9-7 
Peripherals 

420 1A Glock Generate oan «kip k eee ne ee Pe wee ee ee eee ee be nk eek eee EE EE RES 9-8 

4008/4009 Standard Memory and I/O Interface Set... 0.2... cee ee ee ee eee 9-9 

4259 Standard Memory WiteriaGes..caxect eens nvacueb ewe tee Re ecw nate Cab e hee we ee 9-10 
RAMs 

4002 S20-Bit RAM and 4+-Bit OUT POLE... ce cence cw a Meee eee howe wee ee Rew oe eS es 9-11 
ROMs 

4001 256 x 8 Mask Programmable ROM and 4-Bit I/O Port... 2... . es 9-12 

4308 1024 x 8 Mask Programmable ROM and Four 4-Bit I/O Ports... . 0.0... 000.0 ee eee 9-14 

BSIGA/ 2s 1G: 2048S GAO 22 cnt See Paws e ee ee eee ee ews ew Soe Meee UERS SOD EEO wR 4-22 
PROMs 

1702A/4702A 2K (256 x 8) UV Erasable PROM... 2. cnc ec ee stew ee eee eee eee 4-5 

arouzce Reprogrammadole ZR PROM «c<cccvee tse casas eee be kee TORRE ROOTES Ow Oe eS 4-14 


*Partial data sheets are shown here. For complete specifications, contact Intel Literature Department, Intel Corporation, 3065 
Bowers Avenue, Santa Clara, California 95051. 


intel 
4040 
SINGLE CHIP 4-BIT 


P-CHANNEL MICROPROCESSOR 


=» Functionally and Electrically 
Upward Compatible to 4004 CPU 


=» 14 Additional Instructions 


=» 8K Byte Memory Addressing 
Capability 


a 24 Index Registers 


(60 total) Including Logical 
Operations and Read Program 
Memory 


a Interrupt Capability 
=» Single Step Operation 


a Subroutine Nesting to 7 Levels 


» Standard Operating 
Temperature Range of 
0°to 70°C 

s Also Available With -40° 
to +85°C Operating Range 


The Intel® 4040 is a complete 4-bit parallel central processing unit (CPU). The CPU can directly address 4K eight bit instruction 
words or 8K with a bank switch. Seven levels of subroutine nesting, including interrupt, and 24 randomly accessable index 
registers (24x4) are provided as convenient facilities for the designer. The index registers may be used for addressing or for 
scratch pad memory for storing computation results. The interrupt feature permits a normal program sequence to be 
interrupted, with normal program execution continuing after the interrupt service routine is completed. Provisions have also 
been made to permit single-stepping the CPU using the STOP and ACKNOWLEDGE signals. 


The 4040 is an enhanced version of the 4004 and as such retains all the functional capability of that device. It will execute all the 
4004 instructions, and is also electrically compatible with all components used with a 4004 CPU. 
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4004 


SINGLE CHIP 4-BIT 
P-CHANNEL MICROPROCESSOR 


a 4-Bit Parallel CPU With 46 a CPU Directly Compatible 
Instructions With MCS-40 ROMs and 

= Instruction Set Includes RAMs 
Conditional Branching, » Easy Expansion— One CPU 
Jump to Subroutine and can Directly Drive up to 
Indirect Fetching 32,768 Bits of ROM and up 

= Binary and Decimal to 5120 Bits of iis 
Arithmetic Modes » Standard Operating 

. Temperature Range of 
= 10.8 Microsecond 0° to 70°C 


Instruction Cycle 
= Also Available With -40° 


to +85°C Operating Range 


The Intel® 4004 is a complete 4-bit parallel central processing unit (CPU). The 4004 easily interfaces with keyboards, 
switches, displays, A-D converters, printers and other peripheral equipment. 


The CPU can directly address 4K 8-bit instruction words of program memory and 5120 bits of data storage RAM. Sixteen 
index registers are provided for temporary data storage. Up to 16 4-bit input ports and 16 4-bit output ports may also be 
directly addressed. 


The 4004 is fabricated with P-channel silicon gate MOS technology. 
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4003 


10-BIT SHIFT REGISTER/OUTPUT EXPANDER 


s 10 Bit Serial-In/Parallel Out =» Easy Expansion of !/O Output 


= Serial-Out Capability for Capability 
Additional |/O Expansion » Enable Output Control 


s 16 Pin Dual-In-Line Package  =«s Standard Operating Temperature 
Range of 0° to 70°C 


The 4003 is a 10 bit serial-in, parallel-out, serial-out shift register with enable logic. The 4003 is used to expand the number of 
ROM and RAM I/O ports to communicate with peripheral devices such as keyboards, printers, displays, readers, 
teletypewriters, etc. 


The 4003 is a single phase static shift register; however, the clock pulse (CP) maximum width is limited to 10 msec. Data-in and 
CP can be simultaneous. To avoid race conditions, CP is internally delayed. 


PIN CONFIGURATION BLOCK DIAGRAM 
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4265 
PROGRAMMABLE GENERAL PURPOSE I/O DEVICE 


= Multi-Mode 14 Operating Modes = TTL Interface 
@ 16 Lines of |/O Capability @ Up to Eight 4265s Per System 
= Bit Set/Reset @ Interface to Standard RAMs 
@ Multiplexable Outputs @ 28 Pin Dual-In-Line Package 
# Eight Bit Transfer Mode @ Interface to Standard RAMs 
@ Interfaces to 8080 Peripherals @ 28 Pin Dual-In-Line Package 
_@ Synchronous and Asynchronous @ Standard Operating Temperature 
Interface Range of 0° to 70°C 
@ Strobed Buffer Inputs and Outputs @ Also Available with -40° to 


+85°C Operating Range 


The 4265 is a general purpose I/O device designed to interface with the MCS-40™ microcomputer family. This device provides 
four software programmable 4-bit |/O ports which can be configured to allow any one of fourteen unique operating modes for 
interfacing to data memory or a variety of user peripheral devices. 


A single MCS-40 system can accomodate up to four 4265s (one per CM-RAM) without external logic or up to eight 4265s with 
one external decoder. 

The 4265 resides on the MCS-40 data bus and uses the same selection procedure as 4002 RAM device. A valid compare selects 
the 4265 for MCS-40 I/O commands. As in the case of the 4002 or any MCS-40 peripheral circuit, selection occurs only when the 
proper SRC code and the CM signal are present simultaneously. 


The 4265 provides an extremely flexible, general purpose I/O system capable of handling 4- or 8-bit input or output data. One of 
fourteen basic operating modes can be selected (software programmable) as described below. 


Port Z is TTL compatible with any TTL device. Ports W, X, and Y are low-power TTL compatible. 
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PIN CONFIGURATION 
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intel 


4269 


PROGRAMMABLE KEYBOARD DISPLAY DEVICE 


Display Features: 


Keyboard Features: 


= Programmable to Interface to Encoded 
Keyboard (8-bit code), 64-Key Scanned 
Keyboard (expandable to 128 keys) or 
Sensor Matrix (64 sensors) 


@ 8 Character FIFO Character Buffer (or 
RAM in Sensor Mode) 


m 2 Key Rollover and Key Debounce 


= External Interrupt Line to Indicate 
When a Character Has Been Entered in 
Character Buffer 


Programmable to Interface to 
Individually Scanned Displays or 
Burrough’s Self-Scan* Drive (16, 18, or 
20 Characters) 


Two 16 x 4 Display Registers 
Recirculated Synchronously with 
Keyboard Scan Lines to Give Automatic 
Display Refresh 


Display Registers Loadable and 
Readable Selectively or Sequentially 


40 Pin Dual In-Line Package 


Standard Operating Temperature 
Range of 0° to 70°C 


Also Available with -40°C to +85°C 
Operating Range 


The 4269 has two separate and distinct sections: the keyboard section and the display section. The keyboard section can 
interface to a range of devices from a matrix of toggle or thumb switches such as found on an instrument panel up to a full 
typewriter style keyboard. The display section can interface to a range of devices from an array of individual LED indicators up 


to a gas discharge alphanumeric display. 


The 4269 Programmable Keyboard Display (PKD) relieves the 4004 or 4040 CPU from continuously scanning a switch array or 


refreshing a display under software control. This greatly expands the CPU throughput. The 4269 can scan up to an 8x 8 
keyboard or sensor matrix (or a 2 x 8 x 8 keyboard with the use of the shift or control key input). The display portion can 
continuously refresh either asingle 16 x 8 alphanumeric display; asingle 8 x 8 alphanumeric display; a dual 16 x 4 digit display; a 
single 32 x 4 digit display; a 16x 6, 18x 6 or 20 x 6 alphanumeric gas discharge display such as the Burroughs Self-Scan*; or an 


array of 128 indicators. 


*Self-Scan is a registered trademark of the Burroughs Corporation. 
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PIN CONFIGURATION 
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intel 


4201A 


CLOCK GENERATOR 


= Complete Clock Requirements for 
MCS-40™ Systems 


= Crystal Controlled Oscillator 
(XTAL External) 


m@ MOS and TTL Level Clock Outputs 


= Provides MCS-40 Reset Function 
Signal 

= Standard Operating Temperature Range 
of 0° to 70°C 


@ Also Available with -40° to +85°C 
Operating Range 


The 4201A is a CMOS integrated circuit designed to fill the clock requirements of the MCS-40 microcomputer family. The 
4201A contains a crystal controlled oscillator (XTAL external), clock generation circuitry, and both MOS and TTL level 


clock driver circuits. 


The 4201A also performs the power on reset function required by MCS-40 components and provides the logic necessary to 
implement the single-step function of the 4040 central processor unit. 


PIN CONFIGURATION 
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4008/4009 
STANDARD MEMORY AND 1/0 INTERFAC 
s Direct Interface to Standard a 24 Pin Dual In-Line Packa 
Memories = Standard Operating 
s Allows Write Program Memory Temperature Range of 
0° to 70°C 


The standard memory and I/O interface set (4008/4009) provides the complete control functions performed by the 4001 or 4308 
in MCS-40™ systems. The 4008/4009 are completely compatible with other members of the MCS-40 family. All activity is still 
under control of the CPU. One set of 4008/4009 and several TTL decoders is sufficient to interface to 4K words of program 
memory, sixteen four-bit input ports and sixteen four-bit output ports. 


PIN CONFIGURATIONS 


4008 BLOCK DIAGRAM 4009 BLOCK DIAGRAM 
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intel 
4289 
STANDARD MEMORY INTERFACE 


a Direct Interface to all Standard » 40 Pin Dual In-Line Package 
Memories = Standard Operating 

» Allows Read and Write Program Temperature Range of 
Memory 0° to 70°C 

a Single Package Equivalent of # Also Available With 
4008/4009 -40° to +85°C Operating 

s TTL Compatible Address, Chip Range 
Select, Program Memory Data 
Lines 


The 4289 standard memory interface and |/O interface enables the CPU devices to utilize standard memory components a$ 
program data memory. Notably, PROMs (4702A), RAMs (2102) and ROMs can be arranged in a memory array to facilitate 
system development. Programs generated using the 4289 interface can be committed to MCS-40™ ROMs (4308 and 4001) wit 
no change to software. 


The 4289 also contains a 4 bit bi-directional |/O port and necessary steering logic to multiplex a host of |/O sources to the CPU 
The Read and Write Program Memory instruction allows the user to store data and modify program memory. The device direct 
addresses 4K of program memory. The address is obtained sequentially during A1-A3 states of an instruction cycle. The eigh 
bit instruction is presented to the CPU during M1 and M2 states of the instruction cycle via the four bit data bus. 


The 4289 stores the SRC instruction operand as an |/O address and responds to the ROM I/O instructions (WRR and RDR) b 
reading or writing data to and from the processor and 4289 |/O bus. 


BLOCK DIAGRAM 
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4002 
320-BIT RAM AND 4-BIT OUTPUT PORT 


» Four Registers of 20 4 Bit » 16 Pin Dual In-Line Package 
ReARECHOr 3 = Standard Operating 

= Direct Interface to MCS-40™ Temperature Range of 
4 Bit Bus 0° to 70°C 

s Output Port Low-Power TTL a Also Available With -40° 
Compatible to +85°C Operating Range 


The 4002 performs two distinct functions. As a RAM it stores 320 bits arranged in 4 registers of twenty 4 bit characters each (16 
main memory characters and 4 status characters). As a vehicle of communication with peripheral devices, it is provided with 4 
output lines and associated control logic to perform output operations. The 4002 is a PMOS device and is compatible with all 
MCS-40™ components. 

The 4002 is available in two options, the 4002-1 and 4002-2. Along with an external pin connected to either Vpp or Vss, atwo bit 
chip selection address is provided allowing a maximum of 1280 bits of 4002 RAM on asingle MCS-40 CM-RAM line. Thus, the 
four CM-RAM lines give a maximum of 5120 bits of 4002 RAM in an MCS-40 system. 


PIN CONFIGURATION BLOCK DIAGRAM 
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intel 
4001 


256 x 8 MASK PROGRAMMABLE ROM 
AND 4-BIT 1/0 PORT 


= Direct Interface to MCS-40™ a» Standard Operating 


4 Bit Data Bus Temperature Range of 
= 1/O Port Low-Power TTL 0° to 70°C 

Compatible as Also Available With -40° to 
=» 16 Pin Dual In-Line Package +85°C Operating Range 


The 4001 performs two basic and distinct functions. As a ROM it stores 256 x 8 words of program or data tables; as a vehicle of 
communication with peripheral devices it is provided with 4 1/O pins and associated control logic to perform input and output 
operations. The 4001 is a PMOS device, compatible with all other MCS-40™ devices. 


PIN CONFIGURATION BLOCK DIAGRAM 
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4001 
ROM 


MCS* 
CUSTOM ROM 
ORDER FORM 


intal 


CUSTOMER 


P.O. NUMBER 


DATE 


For Intel use only 


PPPP 
Zz 
DD 


All custom 4001 ROM orders must be submitted on this form. Progratnming information should be sent in the form of computer 


punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel. 


MARKING 


The marking as shown at the right must contain the Intel logo, the 
product type (P4001), the 4-digit Intel pattern number (PPPP), a date 
code (XXXX), and the 2-digit chip number (DD). An optional customer 
identification number may be substituted for the chip number (ZZ). 
Optional Customer Number (maximum 6 characters or spaces). 


CUSTOMER NUMBER 


MASK OPTION SPECIFICATIONS 


A. CHIP NUMBER 
(Must be specified—any number from 
0 through 15—DD). 


B. |/O OPTION — Specify the connec- 
tion numbers for each I/O pin (next 
page). Examples of some of the pos- 
sible 1/O options are shown below: 


EXAMPLES — DESIRED OPTION/CON- 
NECTIONS REQUIRED 


1. Non-inverting output — 1 and 3 are 
connected. 

2. Inverting output — 1 and 4 are con- 
nected. 

3. Non-inverting input (no input resis- 
tor) — only 5 is connected. 

4. Inverting input (input resistor to Vss) 
— 2, 6, 7, and 9 are connected. 

5. Non-inverting input (input resistor to 
Vpp) - 2, 7, 8, and 10 are con- 
nected. 


6. If inputs and outputs are mixed on 
the same port, the pins used as the 
Outputs must have the internal re- 
sistor connected to either Vpp or 
Vss (8 and 9 or 8 and 10 must be 
connected). This is necessary for test- 
ing purposes. For example, if there 
are two inverting inputs (with no in- 
put resistor) and two non-inverting 
Outputs, the connection would be 
made as follows: 


Inputs — 2 and 6 are connected 

Outputs — 1, 3, 8, and 9 are con- 
nected or 

1, 3, 8, and 10 are connected 


If the pins on a port are all inputs or 
all Outputs, the internal resistors do 
not have to be connected. 


C. 4001 CUSTOM ROM PATTERN — 
Programming information should be 
sent in the form of computer punched 


DATE CODE 


INTEL PATTERN NUMBER 


CHIP NUMBER OR 
CUSTOMER NUMBER 


cards or punched paper tape. In either 
case, a printout of the truth table 
must accompany the order. In the 
BPNF format, the characters should 
be written as a ’’P”’ for a high level 
output = Veg (negative logic “’0’’) or 
an ““N” for a low level output = Vpp 
(negative logic ‘’1"’). 


Hex input tapes for the 4001 and 
4308 may also be generated by 
Intellec® Development Systems. 
These tapes are assumed to be negative 
logic. This means that a NOP instruc- 
tion operation code (OOO00000), for 
example, would be coded as 00 in the 
HEX format. This would automati- 
cally result in the Vj levels on the 
MCS 4/40 data bus. When the BPNF 
format is used, all logic representa- 
tions must be inverted. Thus, a NOP 
would be represented as BPPPPPPPPF. 
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4308 
1024 x 8 MASK PROGRAMMABLE ROM 
AND FOUR 4-BIT I/O PORTS 


=» Direct Interface to MCS-40™ # |/O Ports Low-Power TTL 
4-Bit Data Bus Compatible 
#» Equivalent to Four 4001 ROMs __ = 28 Pin Dual In-Line Package 
R Four independent 4-Bit 1/O a Standard Operating 
Ports Temperature Range of 
« Input I/O Buffer Storage with O°to 70°C 
an Optional Strobe a Also Available With -40° 


to +85°C Operating Range 


The 4308 is a 1024 x 8 bit word ROM memory with four |/O ports. It is designed for the MCS-40™ system and is operational 
compatible with all existing MCS-40 elements. The 4308 is functionally identical to four 4001 chips. The 4308 has 16 I/O lines 
arranged in four groups of four lines. 


BLOCK DIAGRAM 
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PIN CONFIGURATION 
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MCS° 4308 
intel CUSTOM ROM ROM 
ORDER FORM 


CUSTOMER 


P.O. NUMBER 


DATE 


For Intel use only 


_ PPPP 


LL 


DD 


All custom 4308 ROM orders must be submitted on this form. Programming information should be sent in the form of computer 
punched cards or punched paper tape per the formats designated on this order form. Additional forms are available from Intel. 


MARKING INTEL PATTERN NUMBER 


The marking as shown at the right must contain the Intel logo, 
the product type (P4308), the 4-digit Intel pattern number 
(PPPP), a date code (XXXX), and the 2-digit chip number 
(DD). An optional customer identification number may be 
substituted for the chip number (ZZ). Optional Customer CHIP NUMBER OR 

Number (maximum 6 characters or spaces). DATE CODE CUSTOMER NUMBER 


CUSTOMER NUMBER 


MASK OPTION SPECIFICATION 


A. CHIP NUMBER ___—S—S—CC. _ (Must be specified). Hex input tapes for the 4001 and 4308 may also be gen- 
B. 1/O OPTION — Specify the connection numbers for each erated by Intellec® Development Systems. These tapes 
1/O pin. See table below. are assumed to be negative logic. This means that a NOP 
instruction operation code (OO0000000), for example, would 
be coded as 00 in the HEX format. This would automati- 


. | cally result in the Vy levels on the MCS4/40 data bus. 
or punched paper tape. In either case, a printout of the truth When the BPNF format is used, all logic representations 


table must accompany the order. In the BPNF format, the must be inverted. Thus, a NOP would be represented as 
characters should be written as a ’’P” for a high level output BPPPPPPPPE. 

= Ves (negative logic ‘‘0’’) or an ‘‘N” for a low level output 

= Vpp (negative logic “’1’’). 


C. 4308 CUSTOM ROM PATTERN — Programming informa- 
tion should be sent in the form of computer punched cards 
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10 MCS-48™ 


Microcomputers 


MCS-48™ MICROCOMPUTERS 


TABLE OF CONTENTS 


Single Component 8-Bit Microcomputers 


8021 Single Component 8-Bit Microcomputer ..... 2.0.00 ee eee ee ees se aa ee je ee 10-4 

8048/8748/8035 Single Component 8-Bit Microcomputer .............06.. wate nt Ss Cee oars 10-10 

8748-4/8035-4 Single Component 8-Bit Microcomputer .. 1... ce ee ee ee 10-18 

8049/8039 Single Component 8-Bit Microcomputer ........ 0. cece eee ee ee ee ee eee ee ees 10-23 
Input/Output 

9245. MCS-468 ™ tnout/Gutout Expander 4455.00 00 coe epee new ee a ke? Cee Fe ee ee Re eo - 10-28 
INTRODUCTION 


Recent advances in NMOS technology have allowed Intel for the first time to place enough capability 
on a single silicon die to create a true single chip microcomputer containing all the functions required 
in a digital processing system. This microcomputer, its variations, and its optional peripherals are 
collectively called the MCS-48 microcomputer family and are fully described in this manual. 


The head of the family is the 8048 microcomputer which contains the following functions in a single 
40-pin package: 


8-Bit CPU 

1K x 8 ROM program memory 
64 x 8 RAM data memory 

27 \/O lines 

8-bit timer/event counter 


A 2.5 or 5.0 microsecond cycle time and a repertoire of over 90 instructions each consisting of either 
one or two cycles makes the single chip 8048 the equal in performance of most presently available 
multi-chip NMOS microprocessors, yet the 8048 is a true “low-cost” microcomputer. A single 5V 
supply requirement for all MCS-48 components assures that “low cost’’ also applies to the power 
supply in your system. 


Even with low component costs, however, a project may be jeopardized by high development and 
rework costs resulting from an inflexible production design. Intel has solved this problem by creating 
two pin-compatible versions of the 8048 microcomputer: the 8048 with mask programmable ROM 
program memory for low cost production and the 8748 with user programmable and erasable EPROM 
program memory for prototype development. The 8748 is essentially a single chip microcomputer 
breadboard’ which can be modified over and over again during development and pre-production, 
then simply replaced by the low cost 8048 ROM for volume production. The 8748 provides a very 
easy transition from development to production and also provides an easy vehicle for temporary field 
updates while new ROMs are being made. 
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To allow the MCS-48 to solve a wide range of problems and to provide for future expansion, all 8048 
functions have been made externally expandable using either special expanders or standard memories 
and peripherals. An efficient low cost means of I/O expansion is provided by the 8243 Input/Output 
Expander which provides 16 1/O lines in a 24-pin package. For systems with large |/O requirements, 
multiple 8243s can be used. 


For such applications as keyboards, displays, serial communication lines, etc., standard MCS-80 ™ 
(8080) peripheral circuits may be added. Program and data memory may be expanded using 
standard memories or the 8355 and 8155 memories that also include programmable I/O lines and 
timing functions. 


The 8035 is an 8048 without internal program memory that allows the user to match his program 
memory requirements exactly by using a wide variety of external memories. The 8035 allows the 
user to select a minimum cost system no matter what his program memory requirements. 


The 8048 was designed to be an efficient control processor as well as an arithmetic processor with an 
instruction set which allows the user to directly set and reset individual lines within its 1/O ports as 
well as test individual bits within the accumulator. A large variety of branch and table look-up 
instructions make the 8048 very efficient in implementing standard logic functions. Special atten- 
tion was also given to code efficiency with over 70% of the instructions being single byte and all 
others being only two bytes. This means many functions requiring 1.5K to 2.0K bytes in other 
processors may very well be compressed into the 1K words resident in the 8048. 


8 BIT CPU 

1K WORDS OF PROGRAM MEMORY 

64 WORDS OF DATA MEMORY 

27 1/0 LINES 

INTERVAL TIMER/EVENT COUNTER 
OSCILLATOR AND CLOCK DRIVER 
RESET CIRCUIT 

INTERRUPT CIRCUIT 


Figure 1. On Chip Features 


SPECIAL FEATURES 


@ SINGLE 5V SUPPLY @® 8-LEVEL STACK 
@ 40-PIN DIP @ 2 WORKING REGISTER BANKS 
@ PIN COMPATIBLE ROM AND EPROM @ RC, XTAL, OR EXTERNAL 


FREQUENCY SOURCE 
@ 2.5 AND 5.0 usec CYCLE VERSIONS 


@ CLOCK PER CYCLE AND OPTIONAL 


@ ALL-INSTRUCTIONS 1 OR 2 CYCLES CLOCK PER STATE OUTPUT 


SINGLE STEP 
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intel 
8021 t, 


SINGLE COMPONENT 8-BIT MICROCOMPUTER 


a 8-Bit CPU, ROM, RAM, I/O in Single » 1K x 8 ROM 
28-Pin Package 64 x 8 RAM 
21 I/O Lines 


a Single 5V Supply (+ 4.5V to 6.5V) = Interval Timer/Event Counter 

= 10 psec Cycle; All Instructions = Clock Generated With Single Resistor 
1 or 2 Cycles or Inductor 

a Instructions —8748 Subset = Zero-Cross Detection Capability 

a High Current Drive Capability—2 Pins = Easily Expandable I/O 


The Intel® 8021 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel’s N-channel 
silicon gate MOS process. The features of the 8021 include a subset of the 8048 optimized for low cost, high volume appli- 
cations, plus additional I/O flexibility and power. 


The 8021 contains a 1K X 8 program memory, a 64 X 8 data memory, 21 I/O lines, and an 8-bit timer/event counter, in addi- 
tion to on-board oscillator and clock circuits. For systems that require extra |/O capability, the 8021 can be expanded using 
the 8243 or discrete logic. 


This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8021 has bit handling 
capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from an instruc- 
tion set consisting mostly of single byte instructions and no instructions over two bytes in length. 


To minimize development problems and maximize flexibility, an 8021 system can be easily designed using the 8021 emula- 
tion board, EMB-21. The EMB-21 contains a 40-pin socket which can accommodate either the 8748 shipped with the board 
or an ICE-48 plug. Also, the necessary discrete logic to reproduce the 8021's additional |/O features is included. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 
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21 
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FUNCTIONAL SPECIFICATIONS 


The following is a functional description of the major ele- 
ments of the 8021. 


Program Memory 


The 8021 contains 1K X 8 of mask programmable ROM. 
No external ROM expansion capability is provided. 


Data Memory 


A 64 X 8 dynamic RAM is located on chip for data storage. 
All locations are indirectly addressable and eight designated 
locations are directly addressable. Also, included in the 
memory is the address stack, addressed by a 3-bit stack 
pointer. 


Memory is organized as shown in Figure 1. The least signi- 
ficant 8 addresses, O—7, are directly addressable by any of 
the 11 direct register instructions. The locations are readily 
accessible for a variety of operations with the least number 
of instruction bytes required for their manipulation. 


Registers 0 and 1 have yet another function, in that they 
can be used to indirectly address all locations in memory, 
using the indirect register instructions. These indirect RAM 
address registers, |RAR’s, are especially useful for repeti- 
tive-type operations on adjacent memory locations. The 
indirect register instruction specifies which IRAR to use, 
and the contents of the IRAR is used to address a location 
in RAM. The contents of the addressed location is used 
during the execution of the instruction, and may be modi- 
fied. A value larger than 63 should not be preset in the 
IRAR when selected by an indirect register instruction. 
IRAR’s may point to addresses O—7, if desired. 


Locations 8-23 may be used as the address stack. The 
address stack enables the processor to keep track of the 
return addresses generated from CALL instructions. A 3-bit 
stack pointer (SP) supplies the address of the locations to 
be loaded with the next return address generated. The SP to 
this pushdown stack is incremented by one after a return 
address is stored, and decremented by one before an 
address is fetched during a RET. A total of 8 levels of 
nesting is possible. The SP is initialized to location 8 upon 
RESET. Since each address is 10 bits long, two bytes must 
be used to store a single address. The SP is incremented 
and decremented by one, but each increment or decrement 
moves the address pointed to by two. Therefore, only even 
numbered addresses are pointed to. 


If a particular application does not require 8 levels of nest- 
ing, the unused portion of the stack may be used as any 
other indirectly addressable scratchpad location. For 
example, if only 3 levels of subroutine nesting are used, 
then only locations 8—15 need be reserved for the address 
stack, and locations 16—63 can be used for data storage. 
The actual program counter address is not stored in the 
address stack. A separate register retains its value. 
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LOC 24-63 


INDIRECTLY 
ADDRESSABLE 
BY CAN BE USED FOR 
IRARO OR 1 ADDRESS STACK 
DIRECTLY 
ADDRESSABLE 
Figure 1. Internal RAM Organization 


Oscillator and Clock 


The 8021 contains its own onboard oscillator and clock 
circuit, requiring only an external timing control element. 
This control element can be a crystal, inductor, resistor, or 
clock in. The capacitor normally required in resistor or 
inductor timing control operation is integrated onto the 
8021. All internal time slots are derived from the external 
element, and all outputs are a function of the oscillator 
frequency. Pins X1 and X2 are used to input the particular 
control element. An instruction cycle consists of 10 states, 
and each state is a time slot of 3 oscillator periods. There- 
fore, to obtain a 10 usec instruction cycle, a 3 MHz crystal 
should be used. 


Timer/Event Counter 

An interval timer is available to enable the user to keep 
track of time elapsed or number of events occurred, during 
normal program execution and flow. 


By a MOV T,A instruction, the contents of the accumulator 
are loaded to the timer. At the STRT T command an inter- 
nal prescaler is zeroed and thereafter increments once each 
30 input clocks (once each single cycle instruction, twice 
each double cycle instruction). The prescaler is a divide by 
32. At the (11111) to (00000) transition the timer is incre- 
mented. The timer is 8 bits and an overflow (FFH) to 
(OOH) timer flag is set. A conditional branch is available for 
testing this flag, the flag being reset each test. Total count 
capacity for the timer is 28 X 25 = 8192 or 81.9 msec ata 
10 usec cycle time. Contents of the timer are moved to the 
accumulator by the MOV A,T instruction without disturb- 
ing the counting process. 


The timer may also be used as an event counter. After a 
STRT CNT command, the chip will respond to a high to 
low transition on the Test 1 pin by incrementing the timer. 
Transitions can occur no faster than one each three instruc- 
tion cycles. 


The timer and event functions are exclusive. Counting or 
timing may be started or stopped (STOP TCNT) at will. 


8021 


Input/Output Capabilities 


The 8021 I/O configurations are highly flexible. A number 
of different configurations are possible, tailoring an 8021 to 
a given task. Other than the power supply and dedicated 
pins, all other pins (20) can be used for input, output, or 
both, depending on the configuration. 


P20—P23 and P10—P17 are quasi-bidirectional, and Test 1 
is directly testable through program control. A simplified 
schematic of the quasi-bidirectional interface is shown in 
Figure 2. This configuration allows buffered outputs, and 
also allows external input. When writing a “0” or low value 
to these ports, the large pulldown device sinks an external 
TTL load. When writing a “‘1”’, a large current is supplied 
through the large pullup device to allow a fast data transfer. 
After a short time (less than one instruction cycle), the 
large device is shut off and the small pullup maintains the 
““1"" level indefinitely. However, in this situtation, an input 
device capable of overriding the small amount of sustaining 
current supplied by the pullup device can be read. (Alterna- 
tively, the data written can be read). So, by writing a “1” 
to any particular pin, that pin can serve either as a true 
high-level latched output pin, or as just a pullup resistor on 
an input. This allows maximum user flexibility in selecting 
his input or latched output pins, with a minimum of 
external components. 


Port OO0—O7 is also quasi-bidirectional, except there is no 
large pullup device. As outputs, this port is essentially 
open drain. 


By mask option the small pullup devices on POO—PO7 may 
be deleted on any pin providing a true open drain output. 
This is useful in driving analog circuits and certain loads, 
such as keyboards. 


Also available is the 8243 1/O expander chip, which pro- 
vides additional |/O capability with a limited number of 
overhead pins. This chip has 4 directly addressable 4-bit 
ports. It connects to the PROG pin, which provides a clock, 
and pins P20—P23, which provide address and data. These 
ports can be written with a MOVD P,A; ANLD P,A; and 
ORLD P,A for Ports 4—7. A high to low transition on 
PROG signifies that address and control are available on 
P20—P23. The previous data on P20—P23 before an output 
expander instruction is lost. Therefore, when using an 
output expander P20—P23 are not useful for general 
input/output. Reading is via the MOVD A,P. This circuit 
configuration is shown in Figure 3. 


The Test 1 pin has a special bias input that allows zero- 
crossover sensing of slowly moving inputs. This is especially 
useful in SCR control of 60 Hz power and in developing 
time of day routines. As a ROM mask option there is a 
pullup resistor that is useful for switch contact input or 
standard TTL. See Figure 4. 


10-6 


INTERNAL 
BUS 


WRITE TO 
PORT 


INPUT BUFFER 


Figure 2. Quasi-Bidirectional Port Structure 


Figure 3. 1/O Expander Interface 


(a) ZERO CROSS EFFECT 


EXTERNAL 
CAPACITOR 


(b) OPTIONAL PULLUP RESISTOR 


EXTERNAL 


SWITCH | 


Figure 4. Test 1 Pin 


8021 


CPU 


The 8021 CPU has arithmetic and logical capability. A wide 
variety of arithmetic and logic instructions may be exer- 
cised, which affect the contents of the accumulator, and/or 
direct or indirect scratchpad locations. Provisions have been 
made for simplified BCD arithmetic capability through the 
use of the DAA, SWAP A, and XCHD instructions. In 
addition, MOVP A,@A allows table lookup for display 
formating and constants. Jump conditions such as zero, 
not zero refer to the accumulator contents at the time of 
the condition. 


Reset 


The 8021 may see poorly regulated and noisy power sup- 
plies. A useful feature is to sense when the power supply 
dips and do a reset to prevent continued operation with 
incorrect data. This feature may be implemented on the 
8021 by connecting a diode between the RESET node and 
ground, See Figure 5. 


A reset will then be forced if the supply drops approxi- 
mately 1.5 volts and rapidly recovers. One instruction 
cycle will reset the 8021 to the initialized state. 


By removing the diode and using only the capacitor, voltage 
drops in Vcc will not cause a RESET. 


RESET 


FIGURE 5. POWER ON RESET 


Differences Between the 8021 and the 8748 


Although the 8021 is basically an electrical and functional 
subset of the 8748, there are some differences: 
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1. Pin Out — As the 8021 is a 28-pin DIP, some form 
of adapter must be used to interface the 8021 
socket to ICE-48. An emulation board, EMB-21, has 
been designed to perform this function. The 
EMB-21 also accounts for the increased flexibility 
of some 8021 I/O lines. 


. [nstruction Time — The 8021 instruction cycle is 30 
clock cycles long, the 8748 instruction cycle is 15 
clocks long. Where exact timing is important the 
8748 breadboard part should be operated at half the 
8021 clock rate. 


. Test 1 — To facilitate developing time of day rou- 
tines from 60 Hz, and for SCR control, the Test 1 
pin without the pullup resistor option will detect 
zero crossing of a capacitively coupled AC input. 


. Quasi-Bidirectional Ports — Al\l 8021 ports are quasi- 
bidirectional to facilitate stand-alone use. Port O has 
open drain outputs and by mask option it may or 
may not have pullup resistors. 


Oscillator — The 8021 has on-chip oscillator that is 
optimized for the single resistor mode. External 
connection will differ from the 8748. 


. Dynamic RAM and Logic — The 8021 utilizes 
dynamic RAM and some dynamic logic. Input 
clocking must be maintained above the minimum 
rate or improper operation may result. 


. High Current Outputs — Very high current drive is 
desirable for minimizing external parts required to 
do high power control. P10 and P11 have been 
designated high drive outputs capable of sinking 
7 mA at Vss +2.5 volts. (For clarity, this is 7 mA to 
Vss with a 2.5 volt drop across the buffer.) These 
pins may, of course, be paralleled for 14 mA drive if 
the output logic states are always the same. 


Reset — Reset has been modified on the 8021, as 
previously noted. A reset will be forced if the power 
supply drops approximately 1.5 volts and rapidly 
recovers, if a diode is used in the reset circuit. This 
prevents continued operation with incorrect data 
caused by a poorly regulated and/or noisy power 
supply. 

Instruction Set — The following instructions, which 
are found in the 8748, have been deleted from the 
8021 instruction set. 


Regiers [Branch [Timer | 


Data Moves Control Input/Output 


MOV A,PSW JTO addr} EN TCNTI | EN | ANL _P,#data 
MOV PSW,A JNTO addr | DIS TCNT! | DIS | ORL  P,#data 
MOVX A,@R SEL RBO|INS~ A,BUS * 
MOVX @R,A SEL RB1|OUTL BUS,A * 
MOVP3 A,@A SEL MBO/]ANL BUS,#data 
SEL MB1/ORL_ BUS,#data 


ENTO CLK 


RETR 


*These Instructions have been replaced in the 8021 by 
IN A,PO and OUTL PO,A respectively. 


8021 


PIN DESCRIPTION 


Designation Pin # Function Designation Pin# Function 
Vss 14 Circuit GND potential crossover sensing of slowly mov- 
Vec 28 +5V power supply ing AC inputs. 
PROG 3 Output strobe for 8243 1/O Ex- RESET 17 Input used to initialize the proces- 
pander sor by clearing status flip-flops 
; ee ; and setting program counters to 
POO—PO7 4-11 8-bit quasi-bidirectional port “— 
Port 0 
Sp aeee ALE 12 Address Latch Enable. Signal oc- 
P10—P17 18-25 8-bit quasi-bidirectional port curing once every 30 input clocks, 
Port 1 
used as an output clock. 
ina — at sie ugehaehingeny oe 1/0 XTAL1 15 One side of crystal, inductor, or 
ort = _ 4 7 per inate a & Dit resistor input for internal oscilla- 
ESPahGel BUS Tr tor. Also input for external source. 
T1 13 Input pin testable using the JT1 (Not TTL compatible.) 
and JNT1 instructions. Can be ; eae 
; ; XTAL2 16 Other side of timing control 
designated the timer/event count- sieintan 
er input using the STRT CNT ; 
instruction. Also allows zero 
Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycle 
ADD A,R Add register to A 1 1 = we addr Jump on Carry = 1 2 2 
ADD A,@R Add data memory to A 1 1 £2 JNC addr Jump on Carry = 0 2 2 
ADD A,#data Add immediate to A 2 2 5 JZ addr Jump on A Zero 2 2 
ADDC A,R Add with carry 1 1 JNZ addr Jump on A not Zero 2 2 
ADDC A,@R Add with carry 1 1 JT1 addr Jump on T1 = 1 2 2 
ADDC A,#data Add with carry 2 2 JNT1 addr Jump on T1 =0 2 2 
ANL A,R Ancdregister toA 1 1 @ JTF addr Jump on timer flag 2 2 
ANL A,@R And data memory to A 1 1 5 
ANL  A,#data And immediate to A 2 2 &@ CALL Jump to subroutine o 2 
ORL A,R Or register toA 1 1 5S RET Return 1 2 
5 ORL A,@R Or data memory to A 1 1 Pr 
& ORL A,#data Or immediate to A 2 2 » CLR C Clear Carry 1 1 
z XRL A,R Exclusive Or register toA 1 1 s CPL C Complement Carry 1 1 
=e XRL A,@R Exclusive or data memory toA 1 1 
4 XRL A,#data Exclusive or immediate to A 2 2 MOV A,R Move register toA 1 1 
INC A Increment A 1 1 MOV A,@R Move data memory to A 1 1 
DEC A Decrement A 1 1 MOV A,#data Move immediate toA 2 2 
CLR A Clear A 1 1 8 MOV R,A Move A to register 1 1 
CPL A Complement A 1 1 3 MOV @RA Move A to data memory 1 1 
DA A Decimal Adjust A 1 1 = MOV R,#data Move immediate to register 2 2 
SWAP A Swap nibbles of A 1 1 < MOV @R,#data Moveimmediate todatamemory 2 2 
RL A Rotate A left 1 1 QO XCH AR Exchange A and register 1 1 
RLC A Rotate A left through carry 1 1 XCH A,@ER Exchange A and data memory 1 2 
RR A Rotate A right 1 1 XCHD A,@R Exchange nibble of Aand register 1 1 
RRC A Rotate A right through carry 1 1 MOVP A,@A Move to A from current page 1 2 
Ss IN A,P Input port toA 1 2 2 MOV A,T Read Timer/Counter 1 1 
= OUTL P,A Output A to port 1 2 3 MOV T,A Load Timer/Counter 1 1 
6 MOVD A,P Input Expander port toA 1 2 O STRT T Start Timer 1 1 
2 MOVD PA Output A to Expander port 1 2 ® STRT CNT Start Counter 1 1 
@ ANLD P,A And A to Expander port 1 2 E sTOP TCNT Stop Timer/Counter 1 1 
= ORLD P,A Or A to Expander port 1 2 
2” NOP No Operation 1 1 
= INC R Increment register 1 1 
> INC @R Increment data memory 1 1 
oc 
c IMP addr Jump unconditional 2 2 
& JMPP @A Jump indirect 1 2 
5 DJNZ_ R,addr Decrement register and Jump 2 2 


on R not zero 
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ABSOLUTE MAXIMUM RATINGS* 


“COMMENT: Stresses above those listed under ‘Absolute 


Ambient Temperature Under Bias......... 0°C to 70°C mum Ratings’’ may cause permanent damage to the device. This i: 
Storage Temperature.............. -~65°C to 4150 ¢ stress rating only and functional operation of the device at these or 
' , any other conditions above those indicated in the operational sec- ~ 
Voltage al Any Pin with tions of this specification is not implied. Exposure to absolute 
Respect to Ground 2.0. 6c eae e ee een -0.5V to +7V maximum rating conditions for extended periods may affect device 
Power Dissipation. .......... 0.00 eee ences 1W reliability. 


D.C. AND OPERATING CHARACTERISTICS 
TA= 0°C to 70°C, Vcc = 5.5V £1V, Vsg = OV 


Output Leakage Current (Open Drain Option — 
lOL ai 9 ‘ -10 Vcc 2 Vin 2 Vsg +0.45 


HA 


A.C. CHARACTERISTICS 
Ta =0°Cto 70°C, Voc = 5.5V +1V, Vsg = OV 


eam *dCMin ‘| Maw | Unie 


Oscillator Frequency Variation -Resistor Mode 


Test Conditions 
3 MHz XTAL = 10 usec 


A.C. TEST CONDITIONS 
Control Outputs: Cy. = 80 pF, Ry, = 2.2K/4.3K 


10-9 


In 


8048/8748/8035 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 


e 8048 Mask Programmable ROM 
©8748 User Programmable/Erasable EPROM ; 
©8035 External ROM or EPROM ~ | 


= 8-Bit CPU, ROM, RAM, I/O in = 1K x 8 ROM/EPROM 
Single Package 64 x 8 RAM - 
g Interchangeable ROM and EPROM 27 I/O Lines 
Versions @ Interval Timer/Event Counter 
@ Single 5V Supply @ Easily Expandable Memory and 1/O 
m 2.5 usec and 5.0 usec Cycle Versions: = Compatible with 8000 Series Peripherals 


@ Over 90 Instructions: 70% Single Byte 


The Intel® 8048/8748/8035 is a totally self-sufficient 8-bit parallel computer fabricated on asingle silicon chip using Intel’s 
N-channel silicon gate MOS process. 

The 8048 contains a 1K x 8program memory, a 64x 8 RAM data memory,27 I/O lines,and an 8-bit timer/counter in addition 
to onboard oscillator and clock circuits. For systems that require extra capability, the 8048 can be expanded using 
standard memories and MCS-80™ (8080A) peripherals. The 8035 is the equivalent of an 8048 without program memory. 
The 8035L has the RAM power down mode of the 8048 while the 8035 does not. 


To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8748 with user-programmable and erasable EPROM program 
memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program memory for 
low cost, high volume production, and the 8035 without program memory for use with external program memories. 


This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
an instruction set consisting mostly of single byte instructions and no instructions over 2 bytes in length. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


PORT ( 
XTAL “ CLOCK 1024 WORDS 64 WORDS 
PROGRAM DATA 
— MEMORY MEMORY 


RESET ——> 


SINGLE 
STEP READ 


EXTERNAL 
MEM. 8-BIT 
CPU 
WRITE 
rr} 


INTERRUPT —> 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH Raindale 27 
NA 
ania EVENT COUNTER VO LINES 


PORT 
EXPANDER 
STROBE 


BUS 
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8048/8748/8035 


PIN DESCRIPTION 


Designation 


Vss 
Vop 


Vec 


PROG 


P10-P17 
Port 1 
P20-P27 
Port 2 


BUS 


TO 


T1 


Pin # 


20 
26 


40 


25 


27-34 


21-24 
35-38 


12-19 


39 


Function 
Circuit GND potential 


Programming power supply; +25V 
during program, +5V during oper- 
ation for both ROM and PROM. 
Low power standby pin in 8048 
ROM version. 


Main power supply; +5V during 
operation and programming. 
Program pulse (+25V) input pin 
during 8748 programming. 
Output strobe for 8243 I/O 
expander. 


8-bit quasi-bidirectional port. 


8-bit quasi-bidirectional port. 


P20-P23 contain the four high 
order program counter bits during 
an external program memory fetch 


and serve as a 4-bit I/O expander 
bus for 8243. 


True bidirectional port which can 
be written or read synchronously 
using the RD, WR strobes. The 

port can also be statically latched. 


Contains the 8 low order program 
counter bits during an external 


program memory fetch, and receives 


the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instruction, under 
control of ALE,RD, and WR. 


Input pin testable using the con- 
ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. TO is also used during 
programming. 


Input pin testable using the JT 1, 
and JNT1 instructions. Can be des- 


ignated the timer/counter input using 


the STRT CNT instruction. 


Interrupt input. Initiates an inter- 
rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 
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Designation 


Pin # 


Function 


RD 


RESET 


ALE 


PSEN 


EA 


XTAL1 


XTAL2 


8 


10 


11 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the bus from an external 
device. 


Used as a read strobe to external 
data memory. (Active low) 


Input which its used to initialize the 
processor. Also used during PROM 
programming verification, and 
power down. (Active low) 

(Non TTL Vip ) 


Output strobe during a bus write. 
(Active low) 


Used as write strobe to external 
data memory. 


Address latch enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 


The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 


Program store enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 


Single step input can be used in con- 
junction with ALE to “single step’’ 
the processor through each in- 
struction. (Active low) 


External access input which forces 
all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for'testing and program 
verification. (Active high) 


One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source. (Non TTL Vj) 


Other side of crystal input. 


8048/8748/8035 


INSTRUCTION SET 


Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycles 
ADD A, R Add register to A 1 1 £ CALL Jump to subroutine 2 2 
ADD A, @R Add data memory to A 1 1 5 RET Return 1 2 
ADD A, #data Add immediate to A 2 2 2 RETR Return and restore status 1 2 
ADDCA,R Add register with carry 1 1 ” 
ADDC A, @R Add data memory with carry 1 1 
ADDC A, #data Add immediate with carry 2 2 CLR C Clear carry 1 1 
ANLA,R And register to A 1 1 on Complement carry 1 y 
ANL A, @R And data memory to A 1 1 s CLR FO Clear flag 0 1 u 
ANL A, #data And immediate to A 2 Ps u CPL FO Complement flag 0 1 1 
ORLA, R Or register toA 1 1 CLR F1 Clear flag 1 1 1 
8 ORLA, @R Or data memory to A 1 1 CPL F1 Complement flag 1 1 1 
2 ORLA, #data Or immediate to A 2 2 
: XRLA,R Exclusive or register to A 1 1 MOV A. R Sivdesteateer tisk ; 
é XRL A, @R Exclusive or data memory to A 1 1 MOV A, @R Move dau inemory to A 1 1 
XRLA, #data Exclusive or immediate to A 2 2 : : 
INCA OR ; ' MOV A, #data Move immediate toA 2 2 
DEC A see saat di 1 1 MOV R,A Move A to register 1 1 
CLRA ——— 1 , MOV @R,A Move y to data memory 1 1 
CPLA Content & 1 1 7 MOV R, #data Move immediate to register P 2 
DAA Decirnal adjuet A 1 , 2 MOV @R,#data Move immediate to datamemory 2 2 
S MOVA,PSW Move PSWtoA 1 1 
SWAP A Swap nibbles of A 1 1 
RLA Rosate A left 1 1 £ MOV PSW,A Move A to PSW 1 1 
RLCA Rotate A left through carry 1 1 BAGH A, A exohianige apd register : ; 
RRA Rotate A right ‘ 1 XCHA,@R Exchange A abe data TTY 1 1 
RRCA Haditatek rahe thranah carry 1 1 XCHD A, @R Exchange nibble of A and register 1 1 
MOVX A, @R = Move external data memory to A 1 2 
MOVX @R,A MoveAto external datamemory § 1 2 
INA, P Input port to A 1 9 MOVP A, @A Move to A from current page 1 2 
OUTLP,A Output A to port 1 2 MOVP3 A, @A Move to A from page 3 1 2 
. ANL P, #data And immediate to port 2 2 
3 nega 7 ear - alin ° : MOV A, T Read timer/counter 1 1 
) OUTL BUS A aye A to BUS , , g MOV T,A Load timer/counter 1 1 
3 ANL BUS, #data And immediate to BUS 2 2 5, Start conus ied : : 
= ORL BUS, #data Or immediate to BUS 2 2 So SIRT CnT = tart eounen t , 
MOVD A, P inout expander sort te A 1 5 s STOP TCNT Stop timer/cou nter . 1 1 
= EN TCNTI Enable timer/counter interrupt 1 1 
MOVD P,A Output A to expander port 1 2 - . . ; 
ANLD P, A And # sovennardes bart 1 3 DIS TCNTI Disable timer/counter interrupt 1 1 
ORLD P,A Or A to expander port 1 2 
EN | Enable external interrupt 1 1 
7 ania C2 See eee o i 4 
3 at - sinensis — € SELRBI Select register bank 1 1 1 
x ©O SEL MBO Select memory bank 0 1 1 
SEL MB1 Select memory bank 1 1 1 
JMP addr Jump unconditional ) 2 ENTO CLK Enable clock output on TO 1 1 
JMPP @A Jump indirect 1 2 
DJNZ R, addr Decrement register and skip 2 Z : 
JC addr Jump on nih = 1 2 2 baal No operation ' ' 
JNC addr Jump on carry = 0 2 2 
J Z addr Jump on A zero 2 2 
JNZ addr Jump on A not zero 2 zZ 
§ JTO addr Jump on TO = 1 2 2 
S JNTO addr Jump on TO = 0 2 2 
co JT1 addr Jump on T1 = 1 2 2 
JNT1 addr Jump on T1=0 2 2 
JFO addr Jump on FO= 1 2 2 
JF1 addr Jump on F1 = 1 2 Z 
JTF addr Jump on timer flag 2 Z 
JNI addr Jump on INT = 0 2 2 
JBb addr Jump on accumulator bit 2 2 


Mnemonics copyright Intel Corporation 1976 


8048/8748/8035 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias 
Storage Temperature ..............0000: 
Voltage On Any Pin With Respect 

1 GYOUING ‘os<asnrews cas daeneeenere needs 
Power Dissipation 


O’°C to 70°C 
“65°C to #150°C 


eee we ew weee 


Ce Se Me et rT | 


D.C. AND OPERATING CHARACTERISTICS 


est Conditions 
Min. | Typ. | Max. | 

Vib Input Low Voltage = Vv 

(All Except XTAL1, XTAL2) ’ 
Vin Input High Voltage 20 y y 

(All Except XTAL1,XTAL2,RESET)| ~ ce 
Doig Input High Voltage (R ESET,XTALI} 3.0') | Voo | Vv 
VoL Output Low Voltage 45 y | aoe 

(BUS, RD, WR, PSEN, ALE) | oi, mn 
Vout Output Low Voltage _ 

(All Other Outputs Except PROG) 45 v lot = 1.6mA 
VoL2 Output Low Voltage (PROG) Pt as |v | lo. = 1.0mMA 
V Output High Voltage 

OH Saket Ueenaas - 

Vout Output High Voltage 7 

(All Other Outputs) at ¥ gH = BURA 
lie Input Leakage Current ; Aine 

(T1, EA, INT) +10 HA VssSVinSVec 
lop Output Leakage Current (BUS, TO) es 

- 2 Za t, 
(High Impedance State) 1 es Vcc Vin Vss +.45 


“COMMENT: 

Stresses above those listed under “Absolute Maximum Ratings” 
may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of this 
specification is not implied. 


Ta = 0°C to 70°C, Veg = Vpp = t5V #10%", Vgg = OV 


A.C. CHARACTERISTICS 1, = 0°C to 70°C, Voc 


tcc Control Pulse Width (PSEN, RD, WR) | 900 


*Standard 8748 and 8035 +5%, +10% available. Note 1: 
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Control! Outputs: 
BUS Outputs: 


= Vpp = +5V £10%*, Vog = OV 


8048/8748 8748-8 
8035/8035L 8035-8 


Conditions (Note 1) 
ns 


= 
77) 


=) 
77) 


=) 
n 


C. = 20pF 


6 MHz XTAL 
(3.6MHz XTAL for -8) 


a] 


n wm 


Cy. = 80 pF 
C, = 150 pF, tcey = 25us 


3 


8048/8748/8035 


A.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Vcc = 5V+10% 


symbol | Parameter, =| ~Min._ | Max. | Unit. | Test Conditions 
tcp Port Control Setup Before Falling 

Edge of PROG 110 
tpc Port Control Hold After Falling 

Edge of PROG 140 


tLP Port 2 1/0 Data Hold | so | CTs 


WAVEFORMS 


PORT 2 TIMING 


EXPANDER 
PORT 


OUTPUT PCH 4 PORT 29.3 DATA ) 4 PORT CONTROL 4 OUTPUT DATA » 
EXPANDER on 
PORT 


teL tLe top tep 


INPUT 


tcp 


PROG 


10-14 


8048/8748/8035 


WAVEFORMS 


Instruction Fetch From External Program Memory 


7 tcy 
= ty 4 


ALE 


PSEN 


tor 


INSTRUCTION 


BUS FLOATING 


FLOATING 


ze 


= tro 


ADDRESS 


tad 


Read From External Data Memory 


ALE | | | | 


tee 


RD 
tarc — > << —— tor 
FLOATING | 
| 
BUS FLOATING ADDRESS ( “  Koara\ FLOATING 
| Lantana 
\+ tao > 


Write to External Data Memory 


ALE | | | | 
e— toc —| 
tow r + 7 two 
BUS FLOATING KX ADDRESS FLOATING DATA FLOATING 


+m taw — 


WR 


WARNING: 


An attempt to program a missocketed 8748 will result in severe 
damage to the part. An indication of a properly socketed part is the 
appearance of the ALE clock output. The lack of this clock may 
be used to disable the programmer. 
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PROGRAMMING, VERIFYING, AND 
ERASING THE 8748 EPROM 


Programming Verification 


In brief, the programming process consists of: activating 
the program mode, applying an address, latching the 
address, applying data, and applying a programming pulse. 
Each word is programmed completely before moving on to 
the next and is followed by a verification step. The follow- 
ing is a list of the pins used for programming and a descrip- 
tion of their functions: 


Function 
Clock Input (1 to 6MHz) 


Reset Initialization and Address Latching 

Test 0 Selection of Program of Verify Mode 

EA Activation of Program/Verify Modes 

BUS Address and Data Input Data Output 
During Verify 

P20-1 Address Input 

Vpop Programming Power Supply 


Program Pulse Input 


Programming/Verification Sequence 


+5V 
RESET | 
0 BUS AND PROG CAN 


— BE DRIVEN ONLY | 


DURING THIS TIME 


ee ae 
{ ADDRESS Ag-A7__) Ag-A7 € DATA ) 

Von +25V rr 

PROG 45y eed | —] 


0 


+25V 


EA 
+5V 


BUS DATA OUT 
+5V 
+0V 


The Program/Verify sequence is: 


1. Vpp = Sv, Clock applied or internal oscillator operating, 
RESET = Ov, TEST 0 = 5v, EA = 5v, BUS and PROG 
floating. 

Z. Insert 8748 in programming socket 

3. TEST 0 = Ov (select program mode) 

4, EA = 25v (activate program mode) 

5. Address applied to BUS and P20-1 

6. RESET = 5v (latch address) 

as Data applied to BUS 

8. V pp = 25v (programming power) 

9. PROG = Ov followed by one 50ms pulse to 25v 

10. Vpp = 5v 

11. TEST 0= 5v (verify mode) 

12. Read and verify data on BUS 

13. TESTO=0Ov 

14. RESET = Ov and repeat from step 5 

15. Programmer should be at conditions of step 1 when 8748 


is removed from socket. 


8048/8748/8035 


se 


Programming Options 


The 8748 EPROM can be programmed by either of two 

Intel products: 

1. PROMPT-48 Microcomputer Design Aid, or 

2. Universal PROM Programmer (UPP-101 or UPP-102) 
peripheral of the Intellec® Development System with a 
UPP-848 Personality Card. 


8748 Erasure Characteristics 


The erasure characteristics of the 8748 are such that 
erasure begins to occur when exposed to light with wave- 
lengths shorter than approximately 4000 Angstroms (A). 
It should be noted that sunlight and certain types of floure- 
scent lamps have wavelengths in the 3000-4000A range. 


WAVEFORMS 
Combination Program/Verify Mode (EPROM’s Only) 


PROGRAM 


ttw —————> 


TO 


taw twa 
) ADDRESS DATA TO BE 
DBo-DB7 =—— (0-7) VALID 


LAST 


P20-P1 ADDRESS 


Verify Mode (ROM/EPROM) 


TO,RESET 


DBg-DB7 - — 


ADDRESS DATA OUT 
(0-7) VALID VALID 


P20-P4 ADDRESS (8-9) VALID 


NOTES: 


1, PROG MUST FLOAT IF EA IS LOW (i.e., # 25V), OR IF TO = 5V FOR THE 8741. 
FOR THE 8041 PROG MUST ALWAYS FLOAT. 
2. Vean FOR 8041 = 11.4V MIN., 12.6V MAX. 


PROGRAMMED VALID 


Data show that constant exposure to room level floure- 
scent lighting could erase the typical 8748 in approx- 
mately 3 years while it would take approximately 1 week 
to cause erasure when exposed to direct sunlight. If the 
8748 is to be exposed to these types of lighting conditions 
for extended periods of time, opaque labels are available 
from Intel which should be placed over the 8748 window 
to prevent unintentional erasure. 


The recommended erasure procedure for the 8748 is expo- 
sure to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity X exposure time) for erasure should be a mini- 
mum of 15W-sec/cm2. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultraviolet lamp 
with a 12000uW/cm? power rating. The 8748 should be 
placed within one inch from the lamp tubes during erasure. 
Some lamps have a filter on their tubes and this filter 
should be removed before erasure. 


——— PROGRAM 


i+ too] 


we NEXT ADDR 
VALID 


NEXT 
ADDRESS 


ee i asa, oe eee 


NEXT NEXT DATA 
ADDRESS OUT VALID 


NEXT ADDRESS VALID 


3. THE FOLLOWING CONDITIONS MUST BE MET: 
CS=TTkL.’1" 
AO= TTL ‘0’ 
THIS CAN BE DONE USING 10K RESISTORS TO Vcc, Vsgs RESPECTIVELY. 
4. X; AND X2 DRIVEN BY 3 MHz CLOCK WILL GIVE 5 usec tcy. THIS IS GOOD 
FOR -8 PARTS AS WELL AS NON -8 PARTS. 


8048/8748/8035 


AC TIMING SPECIFICATION FOR PROGRAMMING 
Ta = 25°C + 5°C, Voc = 5V + 5%, Von = 25V + 1V 


Symbol Parameter | Min. | 


Test Condition 


[Parameter wm | wo [Ut 
two Data in Hold Time After PROG | | dtey be te | 
tvoDw VDD acy | | 
tw | Program Pulse width ———=—S~—SCiSSYSCYSC 
tww RESET Pulse Width to Latch Address | 4tcy | 

a 


tRE RESET Setup Time Before EA ! 


Note: If Test 0 is high too can be triggered by RESET |. 


DC SPECIFICATION FOR PROGRAMMING 
Ta = 25°C + 5°C, Voc = 5V + 5%, Vop = 25V + 1V 


VPL PROG Voltage Low Level | 


VEAL EA Voltage Low Level tf 6 | 
io0 | _Voo High Voltage Supply Curent ——~«|~—~S*dt~Ci.0 | ma a_i 
IPROG PROG High Voltage Supply Current Pe de te. | mA 


EA EA High Voltage Supply Current a ra a 


—/<) 51) /< 


10-17 


In 


8748-4 / 8035-4 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 


© 8748-4 User Programmable/Erasable EPROM 
e 8035-4 External ROM or EPROM 


m 8-Bit CPU, ROM, RAM, I/O in Single m@ 1K x 8 EPROM (8748-4) 
Package 64 x 8 RAM 
m Interchangeable with 8048 ROM Version 27 1/O Lines 
m@ Single 5V Supply = Interval Timer/Event Counter 
w 2.5 usec Cycle. All Instructions 1 or 2 m Easily Expandable Memory and I/O 
Cycles = Compatible with MCS-80"/MCS-85™ 
m@ Over 90 Instructions: 70% Single Byte Peripherals 


m@ Single Level Interrupt 


The Intel® 8748-4/8035-4 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel’s 
N-channel silicon gate MOS process. The 8748-4 and the 8035-4 are the equivalent of the 8748 and 8035 except in their 
ability to interface to an 8243 |/O Expander device. The Standard 8748/8035 can input or output from the 8243. The 8748- 
8748-4/8035-4 can use the 8243 as an output expander only. 


The 8748-4 contains a 1K x8 program memory, a 64x 8 RAM data memory, 27 |/O lines, and an 8-bit timer/counter in 
addition to on-board oscillator and clock circuits. For systems that require extra capability, the 8748-4 can be expanded using 
standard memories and MCS-80™ (8080A) peripherals. The 8035-4 is the equivalent of an 8748-4 without program memory. 


To reduce development problems to a minimum and provide maximum flexibility, three interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8748-4 with user-programmable and eraseable EPROM program 
memory for prototype and preproduction systems, the 8048 with factory-programmed mask ROM program memory for 
low cost, high-volume production, and the 8035-4 without program memory for use with external program memories. 


This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8048 has extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from an 
instruction set consisting mostly of single-byte instructions and no instructions over two bytes in length. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


al 


RESET —> 


1024 WORDS 
PROGRAM 
MEMORY 


64 WORDS 
DATA 
MEMORY 


SINGLE 
STEP READ 


EXTERNAL 
MEM. 


re} 


INTERRUPT —> 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 


aneale EVENT COUNTER 


27 
1/0 LINES 


EXPANDER 
STROBE 
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8748-4/8035-4 


PIN DESCRIPTION 


Designation 


Vss 
Vop 


PROG 


P10-P17 
Port 1 
P20-P27 
Port 2 


DO-D7 
BUS 


TO 


ik 


Pin # 


20 
26 


40 


25 


27-34 


21-24 
35-38 


12-19 


39 


Function 
Circuit GND potential 


Programming power supply; +25V 
during program, +5V during oper- 
ation for both ROM and PROM. 


Main power supply; +5V during 
operation and programming. 


Program pulse (+25V) input pin 
during 8748 programming. 


Output strobe for 8243 1/0 
expander. 


8-bit quasi-bidirectional port. 


8-bit quasi-bidirectional port. 


P20-P23 contain the four high 
order program counter bits during 
an external program memory fetch 
and serve as a 4-bit 1/O expander 
bus for 8243. 


True bidirectional port which can 
be written or read synchronously 
using the RD, WR strobes. The 

port can also be statically latched. 


Contains the 8 low order program 
counter bits during an external 
program memory fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instruction, under 
control of ALE, RD, and WR. 


Input pin testable using the con- 
ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. TO is also used during 
programming. 

Input pin testable using the JT1 
and JNT1 instructions. Can be des- 


ignated the timer/counter input using 


the STRT CNT instruction. 


Interrupt input. Initiates an inter- 
rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 
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Designation 


RD 


RESET 


ALE 


PSEN 


EA 


XTAL1 


XTAL2 


Pin # 


8 


10 


11 


Function 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the BUS from an external 
device. 


Used as a Read Strobe to External 
Data Memory. (Active low) 


Input which Its used to initialize the 
processor. Also used during PROM 
programming verification, and 
power down. (Active low) 


Output strobe during a BUS write. 
(Active low)(Non TTL Viy) 


Used as write strobe to External 
Data Memory. 


Address Latch Enable. This signal 
occurs once during each cycle and 
is useful as a clock output. 


The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 


Program Store Enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 


Single step input can be used in con- 
junction with ALE to “single step”’ 
the processor through each in- 
struction. (Active low) 


External access input which forces 
all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 


One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source. (Not TTL Compatible) 


Other side of crystal input. - 


INSTRUCTION SET 


Accumulator 


Input/Output 


Registers 


Branch 


Mnemonic 


ADD A, R 
ADD A, @R 
ADD A, #data 
ADDC A, R 
ADDC A, @R 


ADDC A, #data 


ANLA, R 
ANL A, @R 
ANL A, #data 
ORLA, R 
ORL A, @R 
ORLA, #data 
XRLA,R 
XRL A, @R 
XRLA, #data 
INCA 
DECA 
CLRA 
CPLA 

DAA 

SWAP A 
RLA 

RLCA 

RRA 

RRCA 


IN A, P 
OUTLP,A 
ANL P, #data 
ORL P, #data 
INS A, BUS 
OUTL BUS, A 


ANL BUS, #data 
ORL BUS, #data 


MOVD P, A 
ANLD P, A 
ORLD P,A 


INC R 
INC @R 
DECR 


JMP addr 
JMPP @A 
DJNZ R, addr 
JC addr 
JNC addr 
J Z addr 
JNZ addr 
JTO addr 
JNTO addr 
JT1 addr 
JNT1 addr 
JFO addr 
JF 1 addr 
JTF addr 
JNI addr 
JBb addr 


Description 


Add register to A 

Add data memory toA 
Add immediate to A 

Add register with carry 
Add data memory with carry 
Add immediate with carry 
And register toA 

And data memory toA 
And immediate to A 

Or register toA 

Or data memory to A 

Or immediate to A 
Exclusive Or register to A 


Exclusive or data memory to A 


Exclusive or immediate to A 
Increment A 

Decrement A 

Clear A 

Complement A 

Decimal adjust A 

Swap nibbles of A 

Rotate A left 

Rotate A left through carry 
Rotate A right 

Rotate A right through carry 


Input port toA 

Output A to port 

And immediate to port 
Or immediate to port 
Input BUS to A 

Output A to BUS 

And immediate to BUS 
Or immediate to BUS 
Output A to expander port 
And A to expander port 
Or A to expander port 


Increment register 
Increment data memory 
Decrement register 


Jump unconditional 
Jump indirect 
Decrement register and skip 
Jump on carry = 1 

Jump oncarry =0 

Jump on A zero 

Jump on A not zero 
Jump on TO= 1 

Jump on TO=0 

Jump on T1 = 1 

Jump on T1=0 

Jump on FO= 1 

Jump on F1 = 1 

Jump on timer flag 

Jump on INT = 0 

Jump on accumulator bit 


Bytes 


—-- = pO NRF KH NN 2 eS eB SB em em mB em @ pEQpD AmB AmB py Mm AN ABH AHN eK AHN a 


NONMNNONNNMNNNNNNNNN - NY 


8748-4/8035-4 


Cycle 


=. NONNNNNNNNN N 


NONNONNNNNNNNNNN NN 


Mnemonic Description Bytes Cycles 
ao 
= CALL Jump to subroutine 2 2 
S RET Return 1 2 
3 RETR Return and restore status 1 mn 
” 
CLR C Clear carry 1 1 
CPL C Complement carry 1 1 
& CLR FO Clear flag 0 1 1 
it CPL FO Complement flag 0 1 1 
CLR F1 Clear flag 1 1 1 
CPL Fi Complement flag 1 1 1 
MOV A, R Move register to A 1 1 
MOV A, @R Move data memory to A 1 1 
MOV A, #data Move immediate to A a 2 
MOV R,A Move A to register 1 1 
MOV @R,A Move A to data memory 1 1 
a MOV R, #data Move immediate to register 2 2 
2 MOV @R,#data Move immediate to datamemory 2 2 
 MOVA,PSW Move PSW to A 1 1 
gs MOV PSW,A Move A to PSW 1 1 
Oo XCH A, R Exchange A and register 1 1 
XCHA,@R Exchange A and data memory 1 1 
XCHD A, @R Exchange nibble of Aandregister 1 1 
MOVX A,@R Moveexternal datamemory toA 1 2 
MOVX @R,A MoveAtoexternal datamemory 1 2 
MOVP A, @A = Moveto A from current page 1 2 
MOVP3 A, @A Move to A from page 3 1 2 
MOV A, T Read timer/counter 1 1 
S MOVT,A Load timer/counter 1 1 
5 STRTT Start timer 1 1 
8 STRT CNT Start counter 1 1 
& STOP TCNT Stop timer/counter 1 1 
E ENTCNTI — Enable timer/counter interrupt 1 1 
DIS TCNTI Disable timer/counter interrupt 1 1 
EN | Enable external interrupt 1 1 
DIS I Disable external interrupt 1 1 
° SELRBO Select register bank 0 1 1 
e SEL RB1 Select register bank 1 1 1 
O SEL MBO Select memory bank 0 1 1 
SEL MB1 Select memory bank 1 1 1 
ENTO CLK Enable clock output on TO 1 1 
NOP No operation 1 1 


Mnemonics copyright Intel Corporation 1976, 1977 
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8748-4/8035-4 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ........... 0°C to 70°C “COMMENT: 
Storage Temperature ...............000. -65°C to +150°C Stresses above those listed under “Absolute Maximum Ratings” 
. . may cause permanent damage to the device. This is a stress rating 
Voltage On Any Pin With Respect only and functional operation of the device at these or any other 
to GOUN ... eee eee eee eee ee eee eee ees -0.5V to +7V conditions above those indicated in the operational sections of this 
POWe! DISSIDAHON cu sctecsceecusde sine cousew eds 1.5 Watt specification is not implied. 


D.C. AND OPERATING CHARACTERISTICS Tp = 0°C to 70°C, Vog = Vpp = +5V £10%", Veg = OV 


Symbol Parameter Test Conditions 
| Min, | Typ. | Max. | 


Vib Input Low Voltage V 
(All Except XTAL1, XTAL2) 


Voi Output Low Voltage - 
(BUS, RD, WR, PSEN, ALE) V a = 2.0mA 


me 
a 
orate [of [| | ne 
a 

= [exemam | [= | eowen 


A.C. CHARACTERISTICS T, = 0°C to 70°C, Vog = Vpp = +5V 5%", Vog = OV 


A.C. TEST CONDITIONS Control Outputs: C,_ = 80 pF 
BUS Outputs: C, = 150 pF toy = 2.5us 
*Standard 8748 and 8035 +5%, +10% available. 10-21 
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WAVEFORMS 


Instruction Fetch From External Program Memory 


ALE 


PSEN 


BUS FLOATING 


Read From External Data Memory 


ALE | | | | 
"oo 


RD 
taro > = 
FLOATING 
|<tap> 


—___—— tan —___> 


~ 


Write To External Data Memory 


ALE | | : | | 
tee — 


tow — two 
BUS FLOATING X ADDRESS FLOATING DATA FLOATING 


 —— taw 
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8049/8039 me 
SINGLE COMPONENT 8-BIT MICROCOMPUTER 


©8049 Mask Programmable ROM 
¢8039 External ROM or EPROM 


# 8-Bit CPU, ROM, RAM, I/O in = 2K x 8 ROM 
Single Package 128 x 8 RAM 
@ Single 5V +10% Supply 27 1/0 Lines 


m 2.5 usec Cycle; All Instructions @ Interval Timer/Event Counter 


1 or 2 Cycles = Easily Expandable Memory and 1|/O 
= Over 90 Instructions: 70% Single Byte ™& Compatible with MCS-80/85™ Peripherals 
= Pin Compatible with 8048/8748 @ Single Level Interrupt 


The Intel® 8049/8039 is a totally self-sufficient 8-bit parallel computer fabricated on a single silicon chip using Intel’s N- 
channel silicon gate MOS process. 

The 8049 contains a 2K x 8 program memory, a 128 x 8 RAM data memory, 27 I/O lines, and an 8-bit timer/counter in 
addition to on board oscillator and clock circuits. For systems that require extra capability, the 8049 can be expanded using 
standard memories and MCS-80"/MCS-85™ peripherals. The 8039 is the equivalent to an 8049 without program memory. 


To reduce development problems to a minimum and provide maximum flexibility, two interchangeable pin-compatible 
versions of this single component microcomputer exist: the 8049 with factory-programmed mask ROM program memory 
for low-cost high volume production, and the 8039 without program memory for use with external program memories in 
prototype and preproduction systems. 


This microprocessor is designed to be an efficient controller as well as an arithmetic processor. The 8049 has extensive bit 
handling capability as well as facilities for both binary and BCD arithmetic. Efficient use of program memory results from 
an instruction set consisting mostly of single byte instructions and no instructions over two bytes in length. 


PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM 


PORT 
ia CLOCK 


RESET —+> =2 


128 WORDS 
DATA 
MEMORY 


2048 WORDS 
PROGRAM 
MEMORY 


SINGLE 

STEP READ 
EXTERNAL 

MEM. 


WRITE 


PROGRAM 
STORE 
ENABLE 


ADDRESS 
LATCH 
ENABLE 


8-BIT 
TIMER/ 
EVENT COUNTER 


27 
1/0 LINES 


STROBE 
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PIN DESCRIPTION 


Designation 


Vss 
Vpp 


Vec 
PROG 


P10-P17 
Port 1 
P20-P27 
Port 2 


DO-D7 
BUS 


TO 


T1 


INT 


Pin # 


20 
26 


40 


25 


27-34 


21-24 
35-38 


12-19 


39 


8049/8039 


Function 


Circuit GND potential. 


+5V during operation. Low power 
standby pin. 


Main power supply; +5V during 
operation. 


Output strobe for 8243 1!/O 
expander. 


8-bit quasi-bidirectional port. 


8-bit quasi-bidirectional port. 


P20-P23 contain the four high 
order program counter bits durin 
an external program memory fetc 
and serve as a 4-bit |/O expander 
bus for 8243. 


True bidirectional port which can 
be written or read synchronously 
using the RD, WR strobes. The 

port can also be statically latched 


Contains the 8 low order progra 
counter bits during an external 
program memory fetch, and receives 
the addressed instruction under the 
control of PSEN. Also contains the 
address and data during an external 
RAM data store instruction, unde 
control of ALE, RD, and WR. 


Input pin testable using the con- 
ditional transfer instructions JTO 
and JNTO. TO can be designated as 
a clock output using ENTO CLK 
instruction. 


Input pin testable using the JT 1, 
and JNT1 instructions. Can be des- 

ignated the timer/counter input iling 
the STRT CNT instruction. 


Interrupt input. Initiates an inter- 
rupt if interrupt is enabled. Inter- 
rupt is disabled after a reset. Also 
testable with conditional jump 
instruction. (Active low) 
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Designation 


RD 


RESET 


ALE 


EA 


XTAL1 


XTAL2 


Pin # 


8 


10 


11 


Function 


Output strobe activated during a 
BUS read. Can be used to enable 
data onto the BUS from an external 
device. 


Used as a Read Strobe to External 
Data Memory. (Active low) 


Input which is used to initialize the 
processor. Also used during verifi- 
cation, and power down. (Active 
low) 


Output strobe during a BUS write. 
(Active low)(Non TTL Vip) 


Used as write strobe to External 
Data Memory. 


Address Latch Enable. This signa! 
occurs once during each cycle and 
is useful as a clock output. 


The negative edge of ALE strobes 
address into external data and pro- 
gram memory. 


Program Store Enable. This output 
occurs only during a fetch to exter- 
nal program memory. (Active low) 


Single step input can be used in con- 
junction with ALE to “single step”’ 
the processor through each in- 
struction. (Active low) 


External Access input which forces 
all program memory fetches to re- 
ference external memory. Useful 
for emulation and debug, and 
essential for testing and program 
verification. (Active high) 


One side of crystal input for inter- 
nal oscillator. Also input for exter- 
nal source. (Not TT L Compatible) 


Other side of crystal input. 


8049/8039 


INSTRUCTION SET 


Mnemonic Description Bytes Cycle Mnemonic Description Bytes Cycles 
ADD A, R Add register to A 1 1 £ CALL Jump to subroutine z 2 
ADD A, @R Add data memory to A 1 1 = RET Return 1 2 
ADD A, #data Add immediate to A 2 2 2 RETR Return and restore status 1 2 
ADDCA,R Add register with carry 1 1 ” 
ADDC A, @R Add data memory with carry 1 1 
ADDC A, #data Add immediate with carry 2 2 CLR C Clear Carry 1 1 
ANLA,R And register to A 1 1 . CPL C Complement Carry 1 1 
ANL A, @R And data memory to A 1 1 B CLR FO Clear Flag 0 1 1 
ANL A, #data And immediate to A 2 2 uw CPL FO Complement Flag 0 1 1 
ORLA,R Or register to A 1 1 CLR FI Clear Flag 1 1 1 
S ORLA, @R Or data memory to A 1 1 CPL F1 Complement Flag 1 1 1 
2 ORLA, #data Or immediate to A 2 2 
5 XRLA, R Exclusive Or register to A 1 1 MOV A, R acucetannek , 
be XRL A, @R Exclusive or data memory to A 1 1 MOV A, @R Move date manor iA 1 1 
XRLA, #data Exclusive or immediate to A 2 Z : : 
INCA iacesnngat i 1 1 MOV A, #data Move imimeniate toA 2 2 
DEC A akin 1 ; MOV R,A Move A to register 1 1 
CLRA Giear A 1 1 MOV @R,A Move A to data memory 1 1 
CPLA Complement A 1 1 a MOV R, #data Move immediate to register 2 2 
DAA Decimal Adiuet & 1 1 : MOV @R,#data Move immediate to datamemory 2 2 
SWAP A Swap nibbles of A 1 1 = MOV yan = Bave new te” ' ! 
RLA Riatate & late 1 1 £ MOV PSW,A Move A to PSW . 1 1 
RLCA Rotate A left through carry 1 1 Gi ACH Ay Fe exchange A aie register ; , 
RRA Rotate A cia 1 ‘ XCHA,@R Exchange asnd data enIOy 1 1 
RRCA Rotate A right through carry 1 1 XCHD A, @R Exchange nibble of Aandregister 1 1 
MOVX A, @R Move external datamemory toA 1 YJ 
MOVX @R, A MoveA to external data memory 1 2 
INA, P Input port to A 1 9 MOVP A, @A_ Move to A from current page 1 2 
OUTLP,A Output A to port 1 2 MOVP3 A, @A_ Move to A from Page 3 1 2 
. ANL P, #data And immediate to port 2 2 
a ree e picnranee - ee : : MOV A, T Read Timer/Counter 1 1 
6 OUTL BUS A nik si 3S MOVT,A Load Timer/Counter 1 1 
S m utput A to BUS 1 2 ra . ‘ 
2 ANL BUS, #data And immediate to BUS 2 2 a Sit y art cnet ; 
£ ORL BUS, #data Or immediate to BUS 2 2 eT CRY Biers Sour ! ’ 
MOVD A, P Inout Expander porete A 1 9 S STOP TCNT Stop Timer/Counter 1 1 
MOVDP, A Output Ato Expander sort 1 9 = EN TCNTI Enable Timer/Counter Interrupt 1 1 
ANLD P, A And Ax Exeander port 1 5 DIS TCNTI Disable Timer/Counter Interrupt 1 1 
ORLD P,A Or A to Expander port 1 2 
EN | Enable external interrupt 1 1 
4 INCR Increment register 1 1 _ DIS | Disable external interrupt 1 1 
. INC @R Increment data memory 1 1 : cet ne se onl en , ; ; 
‘ elect register ban 
= miami iia ; ' 3) SEL MBO Select memory bank O 1 1 
SEL MB1 Select memory bank 1 1 1 
JMP addr Jump unconditional 2 3 ENTO CLK Enable Clock output on TO 1 1 
JMPP @A Jump indirect 1 2 
DJNZ R, addr Decrement register and skip 2 2 ; 
JC addr Jump on Carry = 1 2 2 il No Operation | , 
JNC addr Jump on Carry = 0 2 2 
J Z addr Jump on A Zero 2 Z 
JNZ addr Jump on A not Zero 2 2 
%S JTOaddr Jump on TO = 1 2 2 
& JNTO addr Jump on TO=0 2 2 
m =JT1 addr Jump on T1 = 1 2 2 
JNT1 addr Jump on T1=0 2 2 
JFO addr Jump on FO= 1 2 2 
JF 1 addr Jump on Fil = 1 2 2 
JTF addr Jump on timer flag 2 2 
JNI addr Jump on INT =0 2 2 
JBb addr Jump on Accumulator Bit 2 2 
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8049/8039 


ABSOLUTE MAXIMUM RATINGS* ‘COMMENT: Stresses above thosé/listed under“Absolute 
Maximum Ratings” may cause permanent damage fo. the 
Ambient Temperature Under Bias ........ 0°Cto 70°C device. This is a stress rating only and function 
Storage Temperature ............... -65°C to +150°C operation of the device at these or any other-gongy) 
above those indicated in the operational sections: 


Voltage on Any Pin With yf th, 


RespecttoGround ............. 0. eee eee -0.5Vto+7V 


maximum rating conditions for extended periods may 
POWOrDISSIDSUON scsastaceceveduereseeudees 1.5 Watt 


affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS Ty, = 0°C to 70°C, Vcc = Vpp = t5V £10%, Vsg = OV 


Symbol Parameter Unit Test Conditions 


| Min. 
; rs 


mf 
Input High Voltage (RESET, XTAL1) af | 


sits 
3{/23s 
c a 
+ |} mo 
x 
=l4c 
a | @o 
sic = 
$|x¢ 
sii 
g/>8 
o | 
x 
on 
> 
I~ 
N 


> 
m 
x 
® 
5) 
ct 
x< 
4 
> 
La 
x< 
+ 
> 
N 
pe) 
m 
2p) 
m 
a 


‘ ‘ 


< 
= 
oO 
Cc 
ot 
Oo 
c 
ot 
[- 
(e) 
le 
< 
re} 
—s 
® 
wo 
E 


rr 
Vee 
(BUS, RD, WR, PSEN, ALE) oe lot = 2.0mMA 
Vout Output Low Voltage 
(All Other Outputs Except PROG) V lo, = 1.6mA 
VoH Output High Voltage 
(BUS, RD, WR, PSEN, ALE) 2.4 V lon = 100uUA 
VouH1 Output High Voltage 
(All Other Outputs) 2.4 V loy = 5OUA 
Nie Input Leakage Current 
(T1, EA, INT) +10 MA VssSVinSVec 
lot Output Leakage Current (Bus, TO) 
(High Impedance State) -10 LA Vec2Vin2Vss + 0.45 
Ippo t!cc| Total Supply Current a 140 Ta = 25°C 


A.C. CHARACTERISTICS § Ty, =0°C to 70°C, Vec = Vpp = +5V 10%, Vsg = OV 


ymbo arameter Max. ni onditions 
wa | Adress Hold romaue SS | 
tcc Control Pulse Width (PSEN, RD, WR) | 90 | fons 
tor | DataHold | 0 
taw ee 
tap | Address SetuptoDataln || (980 
taro | _AdtesyFlosttoRD,PSEN | TT 
A.C. TEST CONDITIONS 1 Contro! Outputs: C, = 80 pF BUS Outputs: Cy, = 150 pF tcy = 2.5us 


10-26 


specification is not implied. Exposure to absolute: 


8049/8039 


WAVEFORMS 


Instruction Fetch From External Program Memory 


_—— ala 


tey oO 


ALE 


PSEN 


BUS 


Read From External Data Memory 


ALE | | | | 
to 


RD 
‘arc | Ss [+ | = 
FLOATING 
ae tay 


cea. ' Sanne 


Write To External Data Memory 


to 


tow — two 


BUS FLOATING X ADDRESS XK FLOATING DATA FLOATING 
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intel 


8243 
MCS-48™ INPUT/OUTPUT EXPANDER 


@ Low Cost m@ 24-Pin DIP 
= Simple Interface to MCS-48™ Micro- @ Single 5V Supply 
computers = High Output Drive 
@ Four 4-Bit I/O Ports = Direct Extension of Resident 8048 I/O 
= AND and OR Directly to Ports Ports 


The Intel® 8243 is an input/output expander designed specifically to provide a low cost means of I/O expansion for the 
M€S-48™ family of single chip microcomputers. Fabricated in 5 volts NMOS, the 8243 combines low cost, single supply 
voltage and high drive current capability. 


The 8243 consists of four 4-bit bidirectional static |/O ports and one 4-bit port which serves as an interface to the MCS-48 
microcomputers. The 4-bit interface requires that only 4 I/O lines of the 8048 be used for I/O expansion, and also allows 
multiple 8243’s to be added to the same bus. 


The I/O ports of the 8243 serve as a direct extension of the resident I/O facilities of the MCS-48 microcomputers and are 
accessed by their own MOV, ANL, and ORL instructions. 


PIN CONFIGURATION BLOCK DIAGRAM 


ADDRESS 
DECODER 


PORT 4 


1 
2 
3 
4 INSTRUC. 
DECODER 
5 PORT 5 
° i 
7 
PORT 2 

8 
9 

PORT 6 

PROG-——>] CONTROL LS 
PORT 7 


RESET 
CIRCUIT 


BUFFER 
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8243 


FUNCTIONAL DESCRIPTION 
General Operation 


The 8243 contains four 4-bit |/O ports which serve as an 
extension of the on-chip I/O and are addressed as ports 4- 
7. The following operations may be performed on these 
ports: 


e Transfer Accumulator to Port. 


e Transfer Port to Accumulator. 

e AND Accumulator to Port. 

e OR Accumulator to Port. 

All communication between the 8048 and the 8243 occurs 
over Port 2 (P20-P23) with timing provided by an output 
pulse on the PROG pin of the processor. Each transfer 
consists of two 4-bit nibbles: 


The first containing the “op code” and port address and 
the second containing the actual 4-bits of data. 


A high to low transition of the PROG line indicates that 
address is present while alow to high transition indicates 
the presence of data. Additional 8243's may be added to 
the 4-bit bus and chip selected using additional output 
lines from the 8048/8748/8035. 


Power On Initialization 


Initial application of power to the device forces 
input/output ports 4, 5,6, and 7 tothetri-state and port 2to 
the input mode. The PROG pin may be either high or low 
when power is applied. The first high to low transition of 
PROG causes device to exit power on mode. The power on 
sequence is initiated if Vcc drops below 1V. 


P21 P20 Address Code P23 P22 Instruction Code 


0 ) Port 4 @) 6) Read 
0 1 Port 5 6) 1 Write 
1 @) Port 6 1 0 ORLD 
1 1 Port 7 1 1 ANLD 


Write Modes 


The device has three write modes. MOVD Pi, A directly 
writes new data into the selected port and old data is lost. 
ORLD Pi,A takes new data, OR’s it with the old data and 
then writes it to the port. ANLD Pi,A takes new data AND's 
it with the old data and then writes it to the port. Operation 
code and port address are latched from the input port 2on 
the high to low transition of the PROG pin. On the low to 
high transition of PROG data on port 2is transferred tothe 
logic block of the specified output port. 


After the logic manipulation is performed, the data is 
latched and outputed. The old data remains latched until 
new valid outputs are entered. 


Read Mode 


The device has one read mode. The operation code and 
port address are latched from the input port 2 on the high 
to low transition of the PROG pin. As soon as the read 
operation and port address are decoded, the appropriate 
outputs are tri-stated, and the input buffers switched on. 
The read operation is terminated by a low to high 
transition of the PROG pin. The port (4, 5, 6or 7) that was 
selected is switched to the tri-stated mode while port 2 is 
returned to the input mode. 
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Normally, a port will be in an output (write mode) or input 
(read mode). If modes are changed during operation, the 
first read following a write should be ignored; all following 
reads are valid. This is to allow the external driver on the 
port to settle after the first read instruction removes the 
low impedance drive from the 8243 output. A read of any 
port will leave that port in a high impedance state. 


Sink Capability 

The 8243 can sink 5 mA @ .4V on each of its 16 I/O lines 
simultaneously. If, however, all lines are not sinking simul- 
taneously or all lines are not fully loaded, the drive capa- 
bility of any individual line increases as is shown by the 
accompanying Curve. 


For example, if only 5 of the 16 lines are to sink current at 
one time, the curve shows that each of those 5 lines is 
capable of sinking 10 mA @ .4V (if any lines are to sink 
10 mA the total lo. must not exceed 50 mA or five 10 mA 
loads). 


Example: How many pins can drive 5 TTL loads (1.6 mA) 
assuming remaining pins are unloaded? 


lol =5x1.6mA=8mA 

eloL = 70 mA from curve 

# pins = 70 mA + 8 mA/pin = 8.75 = 8 

In this case, 8 lines can sink 8 mA for a total of 64 
mA. This leaves 6 mA sink current capability 
which can be divided in any way among the 
remaining 8 I/O lines of the 8243. 


This example shows how the use of the 20 mA 
sink capability of Port 7 affects the sinking 
capability of the other I/O lines. 


Example: 


An 8243 will drive the loads 


simultaneously. 


following 


2 loads — 20 mA @ 1V (port 7 only) 
8 loads —5 MA @ .4V 

6 loads — 3.2 MA @ .4V 

Is this within the specified limits? 


elo. = (2 x 20) + (8x 5) + (6 x 3.2) = 99.2 mA from 
the curve: for lo. =5 mA, elo = 100 mA since 
99.2 mA < 100 mA the loads are within specified 
limits. 


Although the 20 mA @ 1V loads are used in 
calculating elot, it is the largest current 
required @ .4V which determines the maximum 
allowable eloc. 


GUARANTEED WORST CASE 
CURRENT SINKING 
CAPABILITIES OF ANY I/O 
PORT PIN vs. TOTAL SINK 
CURRENT OF ALL PINS 


TOTAL SINK CURRENT ( © Ig, ) (mA) 


12 3 4 5 6 7 8 9 10 11 12 13 


MAXIMUM SINK CURRENT ON ANY PIN @.4 (19, ) 
MAXIMUM I, WORST CASE PIN (mA) 


Figure 1. Sink Capability 


8243 


PIN DESCRIPTION 


Symbol Pin No. Function 


PROG 7 Clock Input. A high to low 

PROG transistion on PROG signifies 

Nee that address and control are 

8243 available on P20-P23, and alow 

to high transition signifies that 
DATAIS data is available on P20-23. 


P2 

CS 6 Chip Select Input. Ahigh on CS 
inhibits any change of output or 
internal status. 


P20-P23 11-8 Four-bit bidirectional port con- 
tains the address and control 
bits on a high to low transition 
of PROG. During a low to high 

transition contains the data for 

PROS a. ee a selected output port if a write 


operation, or the data from a 


selected port before the low to 
tli xX KX  )}— high transition if a read oper- 


Figure 2. Expander Interface 


ADDRESS (4-BITS) DATA (4-BITS) ation. 

GND 12 OV supply. 
Sage = eae P40-P43 9-5 Four-bit bidirectional I/O ports. 
a | WRITE 01 | PORT P50-P53 1,23-21 May be programmed to be input 
11_| AND T4) P60-P63 00.17 (during read), low impedance 
P70-P73 13-16 latched output (after write) ora 
tri-state (after read). Data on 
Figure 3. Output Expander Timing pins P20-23 may be directly 


written. ANDed or ORed with 
previous data. 


Voc 24 +5V supply. 


Figure 4. Using Multiple 8243's 
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Ambient Temperature Under Bias 
Storage Temperature 
Voltage on Any Pin 
With Respect to Ground 
Power Dissipation 


ca €@ tt eRe Te BH Te 2 ww 


eee » © 2 © e @ we 


1 Watt 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°Cto 70°C, Vec = 5V +10% 


*COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above | 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Test Conditions 


VIL Input Low Voltage eet 

hia Input High Voltage Voct0.5 V 

Ves Output High Voltage Ports 4-7 V lou= 240A 
~~ Input Leakage Ports 4-7 20 uA Vin = Vec to OV 
VoL3 Output Low Voltage Port 2 V lo = 0.6 mA 
Voi Output Voltage Port 2 24 | | low= 100A 


*See following graph for additional sink current capability. 


A.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Vee = 5V + 10% 


Symbol Parameter Min. | Max Units Test Conditions 

ta Code Valid Before PROG | 100 | =| ns. | 80 pF Load 

te Code Valid After PROG | 60 | || ens. | 20 pF Load 

te Data Valid Before PROG 20 | =| os 80 pF Load — 
te Data Valid After PROG 2 | | os 20 pF Load — 
tk PROG Negative Pulse Width 900. | ns 

tro Ports 4-7 Valid After PROG | 700 | ons 100 pF Load 

7 Ports 4-7 Valid Before/After PROG 100 | fons 

fee Port 2Valid After PROG t—~«™S 750 80 pF Load 
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8243 


WAVEFORMS 


PROG 
PORT 2 
OUTPUT 
PORT 2 VALIC 
<—— tpg 
PORTS 4-7 PREVIOUS OUTPUT VALID OUTPUT 
VALID 
tip —>| tp 
PORTS 4-7 & INPUT VALID 
tcs <—tcs > 
cs 
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MCS-80/85 ™ 
Microprocessors 


MCS-80/85™ MICROPROCESSORS 


INTRODUCTION 


The MCS-80 and MCS-85 have become the industry standard 8-bit microcomputer systems. Their wide usage is due to 
many factors, among them total system support in terms of the largest family of state-of-the-art processors, 
memories, and peripheral components. Many of these are described in the pages that follow. In addition, system 
designers using the 8080A and 8085A have the benefit of the world’s largest and most usable set of microcomputer 
development tools (see section 13). 


The MCS-85 components are of particular interest for new microcomputer designs. Systems designed around the 
8085A and the new 8085A-2 offer the highest performance-to-cost ratios in the industry. Higher speed, single power 
supply requirement, and low component count while maintaining total MCS-80 software compatibility are key features 
of the MCS-85 system. 


@ PROVEN 
PERFORMANCE ec ie 
8155/56 
@ WEALTH OF pee STANDARD 
SOFTWARE ROMs 


STANDARD 


@ EXTENSIVE DEVELOP. 


MENT TOOLS 
v0 


RAM 
MEMORY 


@ NEW COMPONENTS 
CONTINUALLY 
BEING DEVELOPED 


8355 
ROMI/IO 


8755A 
EPROMIIO 


@ LOW COST 
Figure 1. MCS-80'™ — Foundation for MCS-85™ Figure 2. MCS-85™ — The New Industry Standard 
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RECOMMENDED PRODUCTS FOR 
MCS-80/85 MICROCOMPUTER APPLICATIONS 


Function rant rage Description Tace 8085 8080A 8008 
No. No. (ns) 

Memory and |/O Expanders 8155/8156 11-63 RAM—I/O—TIMER X 

for MCS-85 8355 11-77 ROM—1/O X 
8755A 11-84 EPROM—1/O X 
8202 11-76 Dynamic RAM Controller X X 

RAMs (Static) 8101A-4 3-26 256 x 4 450 X X X 
8102A-4 3-30 1Kx 1 450 X X X 
8111A-4 3-85 256 x 4 450 X X X 
5101 3-153 256 x 4 CMOS 450 X X X 
2114 3-94 1Kx4 450 X X X 
2142 3-133 1Kx4 450 X X X 

RAMs (Dynamic) 2104A-4 3-36 4K~x 1 300 X X 
2107C 3-60 4Kx1 270 X X 
2117-4 3-117 16K x 1 250 X X 

RAM Support Circuits 3222 6-19 Refresh controller X X 
3232 6-25 Refresh counter/multiplexer X X 
3242 6-29 Refresh counter/multiplexer X X 

ROMs 2308 4-18 1Kx8 450 X X X 
8308 4-18 1Kx8 450 X X X 
8316A 4-22 2Kx 8 850 X X X 
2316E 4-25 2Kx 8 450 X X X 

EPROMs 1702A-2 4-5 256 x 8 650 X X 
2704 4-38 512x8 450 X X X 
8708 Blank 1Kx8 450 X X X 
2708 4-38 1Kx8 450 X X X 
2708L 4-38 1Kx8 450 X X X 
2708-1 4-38 1K x 350 X X X 
2716 4-44 2Kx8 450 X X X 

Peripherals 8205 12-11 1-8 decoder X X X 
8212 12-17 8-bit latch X X X 
8214 12-31 Priority unit X X X 
8216 12-38 4-bit bus driver X X X 
8224 12-24 Clock generator X 
8226 12-38 4-bit bus driver X X X 
8228 11-34 System controller X 
8238 11-34 System controller X 
8251A 12-46 USART X X X 
8253 12-65 Interval timer X X X 
8255A 12-76 PPI X X X 
8257 12-98 DMA X X 
8259 12-111 Interrupt X X 
8041/8741 12-3 Universal peripheral interface X X 
8271 12-123 Floppy disk X X 
8273 12-142 SDLC X X 
8275 12-165 CRT X X 
8278 12-188 KY BD/display X X 
8279 12-198 KY BD/display X X X 
8294 12-209 Data encryption X X 


intel 
8008/8008-1 
8-BIT MICROPROCESSOR 


a Instruction Cycle Time — 1.25 us with = 48 Instructions, Data Oriented 
8008-1 or 20 us with 8008 
. : = Address Stack Contains 8 14-Bit 
. “ppt po te en ane om Registers (Including Program Counter) 
ry . , —_ Which Permit Nesting of Subroutines 
a Interrupt Capability Up to 7 Levels 


The Intel® 8008 is a single chip MOS 8-bit parallel central processor unit (CPU) for the MCS-8 microcomputer system. 


This CPU contains 6 8-bit data registers, an 8-bit accumulator, 2 8-bit temporary registers, 4 flag bits (carry, zero, sign, 
parity), and an 8-bit parallel binary arithmetic unit which implements addition, subtraction, and logical operations. A 
memory stack containing a 14-bit program counter and 7 14-bit words is used internally to store program and 
subroutine addresses. The 14-bit address permits the direct addressing of 16K words of memory (any mix of RAM, 
ROM, or S.R.). 


The instruction set of the 8008 consists of 48 instructions including data manipulation, binary arithmetic, and jump to 
subroutine. 


The normal program flow of the 8008 may be interrupted through the use of the interrupt control line. This allows the 
servicing of slow I/O peripheral devices while also executing the main program. 


The ready command line synchronizes the 8008 to the memory cycle allowing any type or speed of semiconductor 
memory to be used. 


BLOCK DIAGRAM 


D)-D, BIDIRECTIONAL 
t DATA BUS 


DATA BUS 


BUFFER 
(8 BIT) (8 BIT) 
INTERNAL DATA BUS f INTERNAL DATA BUS 


INSTRUCTION 
REGISTER (8) 


l 


INSTRUCTION 


STACK 
MULTIPLEXER 


PROGRAM COUNTER 
(14) 


LEVEL NO. 1 


TEMP. REG. 
a. (8) 


(14) 


LEVEL NO. 2 (14) 


LEVEL NO. 3 (14) 


REGISTER SELECT 


ENCODING 


MCS-80/85 


LEVELNO.4 (44) 


LEVEL NO.5 (14) 


LEVEL NO. 6 SCRATCH 


PAD 


(14) 


STACK POINTER 


LEVEL NO. 7 (14) 


ADDRESS 
STACK 


TIMING 
AND 
CONTROL 


POWER [+ -9v 
SUPPLIES ] ___, a5y 


STATUS SYNC CLOCKS 


SO S1 S2 INT READY SYNC 061 02 


READY 
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8008/8008-1 


PIN DESCRIPTION 


O INTERRUPT 


DATA 
BUS 


Figure 1. Pin Configuration 


Do-D7 

BI-DIRECTIONAL DATA BUS. All address and 
data communication between the processor and the 
program memory, data memory, and |/O devices 
occurs on these 8 lines. Cycle control information 
is also available. 


INT 


INTERRUPT input. A logic ‘’1”’ level at this input 
causes the processor to enter the INTERRUPT 
mode. 


READY 


READY input. This command line is used to syn- 
chronize the 8008 to the memory cycle allowing 
any speed memory to be used. 


SYNC 


SYNC output. Synchronization signal generated by 
the processor. It indicates the beginning of a ma- 
chine cycle. 


?4 ’ 0 
Two phase clock inputs. 
So, $1, S2 


MACHINE STATE OUTPUTS. The processor con- 
trols the use of the data bus and determines whether 
it will be sending or receiving data. State signals 
So, $1, and S9, along with SYNC inform the pe- 
ripheral circuitry of the state of the processor. 


Vec +5V +5% 
Vop -9V +5% 


8008/8008-1 


INSTRUCTION SET 
Data and Instruction Formats 


Data in the 8008 is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be 
in the same format. 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 
executed. 


One Byte tretcucuor: TYPICAL INSTRUCTIONS 


Register to register, memory reterence, 
1/O arithmetic or logical, rotate or 
return instructions 


D7 0g Dg Dg 03 O02 0; Do OP CODE 


Two Byte Instructions 


D7 Og Og Og 03 D2 D, Og OP CODE 


D, 0 
7 6 Os O4 my ai 0, 4) OPERAND Immediate mode instructions 


Three Byte Instructions 


D7 0g Dg Og 03 07 Cy Dy OP CODE 


JUMP CALL 1 
D7 0g Os Dg 03 D7 Dy DO LOW ADDRESS - ee 


x Og Dg D3 Dz OD, Oo HIGH ADORESS’* “For the third byte of this instruction, Dg and D> are “don't care”’ bits. 


For the MCS-8.a logic ‘'1’' is defined as a high level and a logic ‘’0”' is defined as a low level. 


Index Register Instructions 
The load instructions do not affect the flag flip-flops. The increment and decrement instructions affect all flip- 
flops except the carry. 

MINIMUM INSTRUCTION CODE 


MNEMONIC STATES DESCRIPTION OF OPERATION 
REQUIRED 


Load index register ry with the content of index register r9. 


Load index register 1 with the content of memory register M. 
Load memory register M with the content of index register r. 


Load index register r with dataB...B. 
Load memory register M with dataB... 8B. 


Increment the content of index register r (r # A). 
Decrement the content of index register r (r # A). 


Accumulator Group Instructions 


The result of the ALU instructions affect all of the flag flip-flops. The rotate instructions affect only the carry flip-flop. 


Add the content of index register r, memory register M, or data 
B ...B to the accumulator. An overflow (carry) sets the carry 
flip-flop. 


Add the content of indéx register r, memory register M, or data 
B ...B from the accumulator with carry. An overflow (carry) 
sets the carry flip-flop. 


Subtract the content of index register r, memory register M, or 
data B ...B trom the accumulator. An underflow (borrow) 
sets the carry flip-flop. 


Subtract the content of index register r, memory register M, or data 
data B ...B fromthe accumulator with borrow. An underflow 


(borrow) sets the carry flip-flop. 
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8008/8008-1 


MINIMUM INSTRUCTION CODE 
STATES | D70g 0,040; 020, DESCRIPTION OF OPERATION 


Compute the logical AND of the content of index register r, 
memory register M, or data B ... B with the accumulator. 


Compute the EXCLUSIVE OR of the content of index register 
r, Memory register M, or data B...B with the accumulator. 


Rotate the content of the accumulator right. 
Rotate the content of the accumulator left through the carry. 
Rotate the content of the accumulator right through the carry. 


B2 Ba Bz B22 B2 
xX xX B3 8383 
1 0 C4C3 

Ba B2B2B82 82828 


(5) NC, NZ, 


JP, JPO Jump to memory address B3...B3B2.. . BQ if the condition 


flip-flop is false. Otherwise, execute the next in: uction in sequence. 


Xx B3 B3 83 B3 838 

1 Jump to memory address B3....B3B2... 821! the cordition 

Bo flip-flop is true, Otherwise, execute the next instructicn in sequence. 
x 

1 Unconditionally call the subroutine at memory address B3... 

B B3B2... B2. Save the current address (up one level in the stack). 


Call the subroutine at memory address B3...B3B2... B2 if the 


x 
1 
B condition flip-flop is false, and save the current address (up one 


CNC, CNZ, 
CP, CPO 


2 
x level in the stack.) Otherwise, execute the next instruction in sequence, 
Cc, CZ, 1 Call the subroutine at memory address B3...B3B2...B2 if the 
cm, CPE Bo B2 Ba B2 B> Bz Bz] condition flip-flop is true, and save the current address (up one 


x B3 B3 B3 B3 B3 Bz} level in the stack). Otherwise, execute the next instruction in sequence. 
0 


0 xX X X 1 1° 1°} Unconditionally return (down one level in the stack). 


Return (down one level in the stack) if the condition flip-flop is 
false. Otherwise, execute the next instruction in sequence, 


poorer TS) 


RNC, RNZ, : 

RP, RPO (3 or 5) 

seh re (3 or 5) Return (down one level in the stack) if the condition flip-flop is 
: true. Otherwise, execute the next instruction in sequence. 


| RST = =6T (5) | 0 0 CA A A 1 (0 1'| Call the subroutine at memory address AAAOOO (up one level in the stack). 


Input/Output Instructions 


Sl Fld} ~naieaia aria 
accumulator. 
OUT Write the content of the accumulator into the selected output 

port (RRMMM, RR # O00). 


Machine Instruction 


(ae a | 0 0 000 0 O X! Enter the STOPPED state and remain there until interrupted. 
1 #1 1 1 °=«1 1 4 


NOTES: 
(1) SSS = Source Index Register These registers, r;, are designated A(accumulator—000), 
DOD = Destination Index Register B(001), C(010), D(011), E(100), H(101), L(110). 


(2) Memory registers are addressed by the contents of registers H & L. 

(3) Additional bytes of instruction are designated by BBBBBBBB. 

(4) X = “Don't Care’. 

(5) Flag flip-flops are defined by CqgC3: carry (00-overflow or underflow), zero (01-result is zero), sign (10-MSB of result is ‘"1""), 
parity (11-parity is even). 


11-8 


8008/8008-1 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature *COMMENT 


Under Bias 0°C to +70°C 
Stresses above those listed under ‘‘Absolute Max- 


Storage Temperature —55°C to +150°C imum Ratings’’ may cause permanent damage to 
Input Voltages and Supply the device. This is a stress rating only and func- 
Voltage With Respect tional operation of the device at these or any other 
to Voc +0.5 to —20V condition above those indicated in the operational 
Power Dissipation 1.0 W @ 25°C sections of this specification is not implied. 


D.C. AND OPERATING CHARACTERISTICS 


a = 0°C to 70°C, Voge = +5V +5%, Von = —9V +5% unless otherwise specified. Logic ‘’1” is defined 
as the more positive level (V,,, Voy ). Logic 0” is defined as the more negative level (V,, , Vor )- 


TEST 
SYMBOL PARAMETER 
AVERAGE SUPPLY CURRENT- 
OUTPUTS LOADED* 30 60 mA LP = 25°C 
Vie INPUT LOW VOLTAGE 
(INCLUDING CLOCKS) 
Vin 


INPUT HIGH VOLTAGE 
(INCLUDING CLOCKS) +15 
OUTPUT LOW VOLTAGE 


OUTPUT HIGH VOLTAGE 


*Measurements are made while 
the 8008 is executing a typical 
sequence of instructions. The 
test load is selected such that 
at Vo, = 0.4V, loy= 0.44mA 
on each output. 


A.C. CHARACTERISTICS 


Ta > O°C to 70°C; Vec = t5V +5%, Vop = —9V £5%. All measurements are referenced to 1.5V levels. 


8008-1 
LIMITS LIMITS 


Pats [eoecnse araacraes [foo Se 
raueworeorg pap 
[PULSE WIOTHOF és = 


_ CLOCK DELAY FROM FALLING 
EDGE OF ¢, TO FALLING EDGE 
OF ¢5 
tea | CLOCK DELAY FROM 0, TO 6, a 


CLOCK DELAY FROM ¢, TO 9, 


DATA OUT DELAY 
HOLD TIME FOR DATA BUS OUT 


HOLD TIME FOR DATA IN 
_— SYNC OUT DELAY ea C,= 100pF 


ts STATE OUT DELAY (ALL STATES C, = 100pF 
EXCEPT T1 AND 7111) !?! 
STATE OUT DELAY (STATES C,= 100pF 
T1 AND T11) 


PULSE WIDTH OF READY DURING 
ae TO ENTER T3 STATE 


READY DELAY TO ENTER WAIT 
| tro | READS 


ty MIN2 top 


MCS-80/85 


12] If the INTERRUPT is not used, all states have the same output delay, ts4- 
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8008/8008-1 


TIMING DIAGRAM 


on O92 On O12 
4 
—e) tay —&| too 
022 794 
‘ i 
SYNC 
—_ 0 ots 
—<— = am —_ = a 
DATA IN 
DATA BUS a ee eae ae =—_ oo am oe om od Neto tome coms comm coms come comme fre an an a ae 
LINES 
(D, ... Dp) Se ae eee) ae ee pa db —en os ow om og fon ae om 
ADDRESS OUT DATA OUT 
fee ae ae oe —— at om af ees cme ces came tems cute cou wm au o_ am ake | ow 
<——-- top ——» —e| toy |<— too —| toy |— 


READY 11} 


a 
TY T2 T3 T, 


Notes: 1. READY line must be at ‘'0” prior to $99 of Tz to guarantee entry into the WAIT state. 
2. INTERRUPT line must not change levels within 200 ns (max.) of falling edge of $4. 


TYPICAL D.C. CHARACTERISTICS 


POWER SUPPLY CURRENT OUTPUT SINKING CURRENT OUTPUT SOURCE CURRENT 
VS. TEMPERATURE VS. TEMPERATURE VS. OUTPUT VOLTAGE 


POWER SUPPLY CURRENT (mA). Inn 
OUTPUT SINKING CURRENT (mA) bow 
OUTPUT SOURCE CURRENT (mA). lon 


AMBIENT TEMPERATURE (°C) AMBIENT TEMPERATURE (''C) GUIPUT VOLTAGE IVI. Von 


TYPICAL A.C. CHARACTERISTICS 


DATA OUT DELAY VS. 
OUTPUT LOAD CAPACITANCE 


wo 
oO 
S| 
S 
sr 
ap) 
S) 
= 


: CAPACITANCE f= 1MHz; T, = 25°C; Unmeasured Pins Grounded 

g? 

! se a 
6 


Vv) 50 100 150 200 250 300 


DATA BUS CAPACITANCE ipF). Cog 
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intel 8080A/8080A-1/8080A-2 
8-BIT N-CHANNEL MICROPROCESSOR 


The 8080A is functionally and electrically compatible with the Intel® 8080. 


a TTL Drive Capability w 16-Bit Stack Pointer and Stack 
i _ 9. . Manipulation Instructions for Rapid 
" eels TS 25 = ele ps) esiruetion Switching of the Program Environment 
= Powerful Problem Solving Instruction = Decimal, Binary, and Double Precision 
Set Arithmetic 
= 6 General Purpose Registers and an 
Accumulator a Ability to Provide Priority Vectored 
= 16-Bit Program Counter for Directly Interrupts 
Addressing up to 64K Bytes of 
Memory mw 512 Directly Addressed I/O Ports 


The Intel® 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel’s n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing 
applications. 


The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers 
may be addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical 
instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 

The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general purpose registers. The 
16-bit stack pointer controls the addressing of this external stack. This stack gives the 8080A the ability to easily han- 
dle multiple level priority interrupts by rapidly storing and restoring processor status. !t also provides almost unlimited 
subroutine nesting. 


This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional 
data busses are used to facilitate easy interface to memory and I/O. Signals to control the interface to memory and I/O 
are provided directly by the 8080A. Ultimate control of the address and data busses resides with the HOLD signal. It 
provides the ability to suspend processor operation and force the address and data busses into a high impedance 
state. This permits OR-tying these busses with other controlling devices for (DMA) direct memory access or multi- 
processor operation. 


8080A CPU FUNCTIONAL BLOCK DIAGRAM 


7°™0 
BIDIRECTIONAL 


as 
DATA BUS 
BUFFER/LATCH 
T ' 
INTERNAL DATA BUS { INTERNAL DATA BUS 
ACCUMULATOR TEMP. REG INSTRUCTION | 
REGISTER (8) ys, MULTIPLEXER 


ACCUMULATOR 
LATCH (8) 


Ww (8) z (8) 
TEMP REG. TEMP REG. 
B (8) Cc (8) 
REG. REG. 
18) 
L (8) 
EG 


INSTRUCTION 
DECODER 
AND 


ARITHMETIC 
LOGIC 
UNIT 


DECIMAL 
ADJUST 


(8) 
REG. 
H (8) REGISTER 
REG. ARRAY 


REG. 
(16) 
STACK POINTER 


(16) 
PROGRAM COUNTER 


INCREMENTER/DECREMENTER 
ADDRESS LATCH (16) 


Te) 
a) 
==, 
S 
3 
wy 
oO 
= 


MACHINE 


REGISTER SELECT 


CYCLE 
ENCODING 


TIMING 
AND 
CONTROL 
POWER | —~® +12V 


SUPPLIES | ——» +5V DATA BUS INTERRUPT HOLD WAIT 
WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCKS 
—e, -5V 
— eno Pd Tyed 4 
WR DBIN INTE INT HOLD HOLODWAIT SYNC 061 02 RESET rae 


5 
saabicie ADDRESS BUS 
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8080A/8080A-1/8080A-2 


PIN DESCRIPTION 


The following describes the function of all of the 8080A 1/O pins. 
Several of the descriptions refer to internal timing periods. 


A15.Ao (output three-state) 

ADDRESS BUS; the address bus provides the address to memory 
(up to 64K 8-bit words) or denotes the |/O device number for up 
to 256 input and 256 output devices. Ag is the least significant 
address bit. 


D7-Do (input/output three-state) 

DATA BUS; the data bus provides bi-directional communication 
between the CPU, memory, and I/O devices for instructions and 
data transfers. Also, during the first clock cycle of each machine 
cycle, the 8080A outputs a status word on the data bus that de- 
scribes the current machine cycle. Dg is the least significant bit. 


SYNC (output) 
SYNCHRONIZING SIGNAL; the SYNC pin provides a signal to 
indicate the beginning of each machine cycle. 


DBIN (output) 
DATA BUS IN; the DBIN signal indicates to external circuits that 
the data bus is in the input mode. This signal should be used to 


enable the gating of data onto the 8080A data bus from memory 
or I/O. 


READY (input) 


READY; the READY signal indicates to the 8080A that valid 
memory or input data is available on the 8080A data bus. This 
signal is used to synchronize the CPU with slower memory or !/O 
devices. If after sending an address out the 8080A does not re- 
ceive a READY input, the 8080A will enter a WAIT state for as 
long as the READY line is low. READY can also be used to single 
step the CPU. 


WAIT (output) 
WAIT; the WAIT signal acknowledges that the CPU is in a WAIT 
state. 


WR (output) 

WRITE; the WR signal is used for memory WRITE or I/O output 
control. The data on the data bus is stable while the WR signal is 
active low (WR = 0). 


HOLD (input) 

HOLD; the HOLD signal requests the CPU to enter the HOLD 
state. The HOLD state allows an external device to gain control 
of the 8080A address and data bus as soon as the 8080A has com- 
pleted its use of these buses for the current machine cycle. It is 
recognized under the following conditions: 

@ the CPU is in the HALT state. 

@ the CPU isin the T2 or TW state and the READY signal is active. 
As a result of entering the HOLD state the CPU ADDRESS BUS 
(A45-Ag) and DATA BUS (D7-Do) will be in their high impedance 
state. The CPU acknowledges its state with the HOLD AC- 
KNOWLEDGE (HLDA) pin. 


HLDA (output) 
HOLD ACKNOWLEDGE; the HLDA signal appears in response 
to the HOLD signal and indicates that the data and address bus 
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Figure 1. Pin Configuration 


will go to the high impedance state. The HLDA signal beging at: 

@ T3 for READ memory or input. 

@ The Clock Period following T3 for WRITE memory or OUT- 
PUT operation. 


In either case, the HLDA signal appears after the rising edge lof ¢, 
and high impedance occurs after the rising edge of $5. 


INTE (output) 

INTERRUPT ENABLE; indicates the content of the internal |inter- 
rupt enable flip/flop. This flip/flop may be set or reset by the En- 
able and Disable Interrupt instructions and inhibits interrupts 


from being accepted by the CPU when it is reset. It is|auto- 
matically reset (disabling further interrupts) at time T1 of the in- 


struction fetch cycle (M1) when an interrupt is accepted and is 
also reset by the RESET signal. 


INT (input) 

INTERRUPT REQUEST; the CPU recognizes an interrupt re- 
quest on this line at the end of the current instruction or|while 
halted. If the CPU is in the HOLD state or if the Interrupt Enable 
flip/flop is reset it will not honor the request. 


RESET (input) [1] 
RESET; while the RESET signal is activated, the content of the 
program counter is cleared. After RESET, the program will start 
at location 0 in memory. The INTE and HLDA flip/flops are also 
reset. Note that the flags, accumulator, stack pointer, and registers 
are not cleared. 

Vss Ground Reference. 
+12 + 5% Volts. 
Veco +5+5% Volts. 
Vep = -5 +5% Volts (substrate bias). 
2 externally supplied clock phases. (non TTL compatible) 


8080A/8080A-1/8080A-2 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ........... . OCto+70°C “COMMENT: Stresses above those listed under ‘Absolute Maxi- 
Storage Temperature ............. -65°C to +150°C + =(/™um Ratings may cause permanent damage to the device. 
All Inpuvor Output Voltages This /s a stress rating only and functional operation of the de- 
vice at these or any other conditions above those indicated in 
With Respect to Vgg .-.--------- -0.3V to +20V the operational sections of this specification is not implied. Ex- 
Vcc, Vpp and Vsg With Respect to Vgg = -0.3V to+20V_— posure to absolute maximum rating conditions for extended 
Power Dissipation .......... Pee ae ecm oa 1.5W periods may affect device reliability. 


D.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Vpp = +12V + 5%, Veo = +5V + 5%, Veg = -5V + 5%, Vgg = OV, Unless Otherwise Noted. 


Symbol Parameter Min. | Typ.) Max. | Unit | Test Condition 
Vic Clock Input Low Voltage Vss—1 | | Vggt.8 | V 
ViHC Clock Input High Voltage 9.0 
—$— ee — 
VIL Input Low Voltage | Vgs-1 | | Vsgst0.8 V 
Vin Input High Voltage 3.3 
VoL Output Low Voltage 0.45 V lo = 1.9mA on all outputs, 
Ipp (av) | Avg. Power Supply Current (Vpp) | 40 70 mA 
Operation 
lec (av) | Avg. Power Supply Current (Vcc) | 60 | 80 mA _ 
Tcy = .48 usec 
Igp (av) | Avg. Power Supply Current (Vgp) a 01 1 mA | 


lie Input Leakage 


CG +10 MA Vss S Vin S Vec 

low Clock Leakage | | #10 Vss < Vetock < Vp 
Ipy [2] Data Bus Leakage in Input Mode -100 LA Vsg <Vin SVs + 0.8V 

| ~2.0 mA Vss +0.8V SVin SVec 
) Address and Data Bus Leakage +10 ah VADDR/DATA = Vcc 
F < 

During HOLD -100 VaDDR/DATA = Vsg + 0.45V 
CAPACITANCE 15 


T, = 25°C Voc = Vop = Vss = OV, Veg =-5V 


[reonnr [ve [oe [ un 
Clock Capacitance 
Input Capacitance 6 | 


Test Condition 


SUPPLY CURRENT 
oO 
+ 


Unmeasured Pins 


Returned to Vss 


NOTES: 0 +25 +50 +75 


1. The RESET signal must be active for a minimum of 3 clock cycles. 


2. When DBIN is high and Viqy > VjH an internal active pull up will oe a ee eet ae a ee ae 
be switched onto the Data Bus. Figure 2. Typical Supply Current vs. 


3. Al supply / AT, = -0.45%/°C. Temperature, Normalized?) 


AMBIENT TEMPERATURE (°C) 


MAX 


0 Vec 


Vin 


Figure 3. Data Bus Characteristic 
During DBIN 
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8080A/8080A-1/8080A-2 


A.C. CHARACTERISTICS (8080A) 
Ta =0°C to 70°C, Vpp = +12V + 5%, Veco = +5V + 5%, Veg = -5V + 5%, Vog = OV, Unless Otherwise Noted 


~~ Test Condition 


Parameter 


Clock Period 


oO 
WwW 
Le) 


0.38 


= 
5: 


Clock Rise and Fall Time 


i 


21 Pulse Width 


> Pulse Width 


Delay 21 to So 


Delay 29 to 21 


Delay 21 to Sp Leading Edges 


Address Output Delay From @9 


i) 
oO 
NO ie) 
—_ 
re - 
Oo . 


—h 

fore) 

=) 
ne) Nl N = 
N 


nh 
Nh 
=) 


Data Output Delay From 29 


o\s 
w nm ~N : 
nm = 


tocl4] | Signal Output Delay From 9 or 9 (SYNC, WR, WAIT, HLDA) 110 120 
toed DBIN Delay From 29 7 
tpl] | Delay for Input Bus to Enter Input Mode tor tor tor 
tos1 Data Setup Time During 24 and DBIN oe ee 20 | nsec | 


WAVEFORMS (Note: Timing measurements are made at the following reference voltages: CLOCK ‘‘1"’ = 8.0V 
“O" = 1.0V; INPUTS “1” = 3.3V, “0” = 0.8V; OUTPUTS “1” = 2.0V, “0” = 0.8V.) 


|“ tcy — —— —| tpi |= 
| << toy | 
= 
<«—yo-—-» 
2 i (| \ | i 
<tp3> —>| too ~<— 
A || | 
Ai5-Ao ———« a= — — ——e ape ee ee ee ee eee eee eee oe —— el 
toa >| a 1 “aw 77 | amie 
| 
f 7 DATA OUT 
bes — —= = oh ee — —— «= a 4 
| t a a \) 
DW | 
SYNC ' 
— tog =— = ing = 
DBIN 
top> <tor>| 
oO WR 
~~ — —— ae awe «eee ae eee ae eee eae cee 
S ‘pc j<—| 
8 eles 
2 READY a || ¥ f av! J 
oo ‘as ‘oc <> 
WAIT ty | | sO 
toc —> \<— tH» |< - 
—| tus ?_—— 
HLDA 
INT A 43) ||} 
tis |< 
INTE 
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8080A/8080A-1/8080A-2 


A.C. CHARACTERISTICS (8080A) 


Ta = 0°C to 70°C, Vpp = +12V + 5%, Voc = +5V + 5%, Vag = -5V + 5%, Vog = OV, Unless Otherwise Noted 


ty_l2] INTE Output Delay From 29 


200 CL = 50 pF 


toy] | Data Holt time From 22 During DBIN [1] [1] [1] | nsec | 

tRs READY Setup Time During 29 120 Sp 

: 

tEp Delay to Float During Hold (Address and Data Bus) 120 
taywl2l | Address Stable Prior to WR [5] (5) [5] 


tpwl2] | Output Data Stable Prior to WR 
twp!2] | Output Data Stable From WR 
twal2l Address Stable From WR 
tyel2] | HLDA to Float Delay 8 
twel2] | WR to Float Delay 

taHl2] | Address Hold Time After DBIN During HLDA 


4 


2 


READY 


WAIT 


HLDA 


INT 


INTE 


ip) 
(2) 


cnc 

NO 

oO 
= 
Nh 
oO 
— Nh 
NO [=] 
oO oO 


Ble 
El 


C, = 100 pF: Address, Data 
Cy, =50 pF: WR,HLDA,DBIN 


x 


@ 


[9] 


| 
De) 
ad = 


Ss 
Cais: 


NOTES: (Parenthesis gives -1, -2 specifications, respectively) 
1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
tpH = 50 ns or tor, whichever is less. 


2. Load Circuit. 
+5V 


| 
| 


8080A 
OUTPUT 


3. tcy = tp3 + trea + toa + tto2 + to2 + tro1 2 480 ns (— 1:320 ns, — 2:380 ns). 
TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 
+20 -——— ne — 
> 410 | df = 
< 
4 
a 
E 0 - 
= 
— 
SB -10 
<7] 
jas ee ‘we -20 7 
-100 +100 


~ 
co 
~~ 
S 
oe 
” 
S) 
eo 


\ CAPACITANCE (pf) 


- (Cactuar ~ Cspec! 


4. The following are relevant when interfacing the 8080A to devices having Vjy = 3.3V: 
a) Maximum output rise time from .8V to 3.3V = 100ns @ C,_ = SPEC. 
—_— b) Output delay when measured to 3.0V = SPEC +60ns @ C, = SPEC. 


c) If CL # SPEC, add .6ns/pF if C_> Cgpec, subtract .3ns/pF (from modified delay) if CL < Cspec. 


oe 5. taw = 2tcy - tpg — trea — 140 ns (— 1:110 ns, — 2:130 ns). 
| J 6. tow = tcy — to3 — trea — 170 ns (— 1:150 ns, — 2:170 ns). 
7. If not HLDA, twp = twa = tp3 + trg2 +10ns. If HLDA, twp = twa = twe. 
8. tHF = tp3 + trg2 -5Ons. 
fone 9. twe = tpg + trg2 -10ns 
10. Data in must be stable for this period during DBIN ‘T3. Both tps j and tpsz must be satisfied. 
11. Ready signal must be stable for this period during T2 or Ty. (Must be externally synchronized.) 
12. Hold signal must be stable for this period during T2 or Tw when entering hold mode, and during 13,174,175 
and TwuH when in hold mode. (External synchronization is not required.) 
13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 
— recognized on the following instruction. (External synchronization is not required.) 
14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 


< tp 
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8080A/8080A-1/8080A-2 


INSTRUCTION SET 


The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 


Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 


The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 


Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the 8080A. The ability to 


Data and Instruction Formats 


increment and decrement memory, the six general registers 
and the accumulator is provided as well as extended incre- 
ment and decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 


Input and output may be accomplished using memory ad- 
dresses as I/O ports or the directly addressed |/O provided 
for in the 8080A instruction set. 


The following special instruction group completes the 8080A 
instruction set: the NOP instruction, HALT to stop pro- 
cessor execution and the DAA instructions provide decimal 
arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 


& Dg Ds Da De Do Dy Do | 


same format. 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 


executed. 
One Byte Instructions 


D7 Dg Ds Dy D3 D> Dy Dg | OP CODE 


| 


Two Byte Instructions 


Dz Dg Ds Dy D3 D> D; Do | OP CODE 


Dz Dg Ds D4 D3 D> Dy Dg | OPERAND 


Three Byte Instructions 


Dz Dg Ds D4 D3 D> Dy Dg | OP CODE 


D7 Dg Ds Dg D3 Do Dy Do 
Dz Dg Ds D4 Dz Do Dy Do 


TYPICAL INSTRUCTIONS 


Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 


Immediate mode or I/O instructions 


Jump, call or direct load and store 
instructions 


LOW ADDRESS OR OPERAND 1 
HIGH ADDRESS OR OPERAND 2 


For the 8080A a logic ‘’1’’ is defined as a high level and a logic ‘‘0’’ is defined as a low level. 
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8080A/8080A-1/8080A-2 


8080 INSTRUCTION SET 


Summary of Processor Instructions 


Instruction Code{1} Clock(2} Instruction Code{1] Clock(2) 
Mnemonic Description D7 Dg Os D4 03 D2 D; Og Cycles | Mnemonic Description D7 Dg O5 Dg 03 Do 0; Oo Cycles 
MOVE, LOAD, AND STORE 
MOVr1.12 Move-register to register 0 1000 S S$ § 5 JPO Jump on parity odd 111 0 00 1 0 «10 
MOV M.r Move register tomemory 0 1 1 10S S$ § 7 PCHL H & L to program 1110106090 1 5 
MOV r.M Move memory toregister 0 1000110 7 counter 
MVI r Move immediate register 0 0000110 7 CALL 
MVI M Move immediate memory 0 0 1 1 01 1 0 #10 CALL Call unconditional 11001 101 7 
LXI B Load immediate register O08 00 0000 1 ~— £410 CC Call on carry 110 174 7 @ 8. ve 
PairB&C CNC Call on no carry 110 1 0 1 0 0 11/17 
LX! D Load immediate register O 0 0 1000 1 10 CZ Call on zero 1100 1 1 0 0 11/17 
PairD&e CNZ Call on no zero 1 100 0 1 0 0 411/17 
LX! H Load immediate register 0 0 10 00 0 1 #10 cP Call on positive 411497 01 0 0 417 
Pair H&L CM Call on minus 1144 4° 4°00 19/17 
STAX B piaire A inaurect oo00 0010 F | Cre Call on parity even 11140114 0 0 4917 
an : ae nue : ! ; : CPO Call on parity odd 111001 00 497 
ingire 
LDAX D rr A ston 000110 1 0 7 nETSHN 
RET Return 1 1001 0 0 1 10 
STA Store A direct 00116 0 1 0~— 13 
. RC Return on carry 1 10 1 1 0 0 0 = 5/11 
LDA Load A direct 0011 10 10 —~ «1 
: . RNC Return on no carry 1 1010 0 0 0 5/11 
SHLD Store H & L direct 00 10 0 0 1 0 16 
RZ Return on zero 110010 0 0 5/11 
LHLD Load H & L direct 0010 10 1 0 ~~ «16 
RNZ Return on no zero 1 10000 0 0 5/11 
eal exchaiiae && Es Hat Tree a : RP Return on positive 1 1 1 1 0 0 0 0 = 5/11 
oe RM Returi! on minus 1 71t FOOD OT 
STACK OPS RPE Return on parity even 1 1 1 0 1 0 0 0 95/11 
PUSH B Push register Pair B & 110001071 =¢«9f RPO Return on parity odd 1110000 0 5/11 
C on stack 
PUSH D Push register Pair D & 110101 071 #¢«-411 RESTART 
E on stack RST Restart 11AAA 1114191 
PUSH H Push register Pair H & 111001 01 4 INCREMENT AND DECREMENT 
L on stack INR r Increment register 00000100 =5 
PUSH PSW Push A and Flags Pret10 1 0 7 #11 DCR r Decrement register 00000101 =5 
on stack INR M Increment memory 00110 1 0 0 10 
POP B See mig Pair B & 110000 0 1 10 DCRM Decrement memory 0011010 1 = «10 
0 
POP D Pop register Pair D & 1 10 1 0 0 0 1 10 ee ie — a te 
E off stack registers 
POP H Pop register Pair H & 11100001 19 | INXD Increment D & E ooo 1001 1 5 
L off stack registers 
POPPSW Pop A and Flags 11110001 19 | INXH Increment H & L Ooo 100071 1 55 
off stack registers 
XTHL Exchange top of 11100011 18 DCX B Decrement B & C 00001 01 1 5 
stack H&L DCX D Decrement D&E 000 1°1-0 71 7 5 
SPHL H & L to stack pointer 11171141001 = 5 DCX H Decrement H & L 00101 01 1 
LXI SP Load immediate stack 0011000 1 = «10 AOD 
pointer ADD r Add register to A 10000S S S 4 <0 
INX SP Increment stack pointe O§ 0 1 1 0 0 1 1 5 ADC r Add register to A {ge etess 4 2 
DCX SP Decrement stack 0011 10 1 1 5 with carry 2 
pointer ADD M Add memory to A 1000011 0 #7 = 
JUMP ADC M Add memory to A 1000 1 1 1 0 7 
with carr 
_ pi oneal | , ; | : : ADI Aad'immediate to A 11000110 7 
ACI Add immediate to A 1 1 011 7 7 
JNC Jump on no carry 11010 0 1 0 £410 with carry 
JZ Jump on zero 1100 1 0 1 0 = «10 DAD B Add B&CtoH&L 0000100 1 = 10 
JNZ Jump on no zero 110000 1 0 = 10 DAD D Add D& EtOH &L 00011001 ~= «10 
JP Jump_on positive 1 1 1 1 00 1 0 10 DAD H Add H&LtoH&L 00101001 ~= «10 
JM Jump on minus 1 1 1 1 1° 0 1 0 ~~ «10 DAD SP Add stack pointer to 0011100 1 ~= «10 
JFE Jump on parity even 1 1 1 0 1 0 1 =~0 10 H&L 


NOTES: 1. DDD or SSS: B 000. C 001.D 010.E 011. H 100. L 191.Memory 110. A 111 
2. Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flags. 
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8080A/8080A-1/8080A-2 


Summary of Processor Instructions (Cont.) 


Instruction Codej1] Clock(2} 
Mnemonic Description D7 Og O5 Da D3 Og D) Oo Cycles 
SUBTRACT 
SUB r Subtract register 100108 $8 § 4 
from A 
SBB r Subtract register from 10017 7885S 4 
A with borrow 
SUB M Subtract memory 100310 1 1 =0 7 
from A 
SBB M Subtract memory from 1001 1 141 1 «0 7 
A with borrow 
SUI Subtract immediate 110101 10 +7 
froomA 
SBI Subtract immediate 170 44:37 0 F 
from A with borrow 
LOGICAL 
ANA r And register with A 1.0 * 0 0 85 & §& 4 
XRA Exclusive Or register 10101 8 S 4 
with A 
ORA | Or register with A 10311719085 8 & 4 
CMP r Compare register withA 10 11185 S$ § 4 
ANAM And memory with A 101001 1 «0 ; 
XRA M Exclusive Or memory i0%3%1.606%1%1%%180 7 
with A 
ORAM Or memory with A 1011 0 1 1 «0 7 
CMP M Compare memory withA 10 1111 1 «0 7 
ANI And immediate with A 1 1 1 0 0 1 1 «0 7 
XRI Exclusive Or immediate ie rs ee ee i ee | 7 
with A 
ORI Or immediate with A 1474 0+ 41 i 
CPI Compare immediate 111 1 1 1 1 =~0 7 
with A 
ROTATE 
RLC Rotate A left 00600% 1 1 4 
RRC Rotate A right 96.0 0.3.4 7 7 
RAL Rotate A left through 0003101 1 4 4 
carry 
RAR Rotate A right through 0001177 1 4 
Carry 
SPECIALS 
CMA Complement A 001011 71 ~=41 4 
STC Set carry 0014101 1 1 4 
CMC Complement carry 00114 4 14 4°41 4 
DAA Decimal adjust A 001001 1 «1 4 
INPUT/OUTPUT 
re IN Input 11014 1014 1 = «10 
= OUT Output 1 101 00 1 1 = 10 
2 CONTROL 
= EI Enable Interrupts 1174741011 = 4 
DI Disable Interrupt i110 1 4 4 
NOP No-operation 000000 0 0 4 
HLT Halt 01110 1 1 «0 7 
NOTES: 1. DDD or SSS: B=000. C=001. D=010. E=011. H= 100. L=101. Memory=110. A=111. “All mnemonics copyright 
2. Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flags ©Intel Corporation 1977 
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M8080A 


intel 
8-BIT N-CHANNEL MIRCOPROCESSOR 
The M8080A is functionally compatible with the Intel® 8080. 
a Fully Military Temperature Range =» 16-Bit Stack Pointer and Stack 
— 55°C to + 125°C Manipulation Instructions for Rapid 
= +10% Power Supply Tolerance Switching of the Program Environmen 


a 2 us Instruction Cycle a Decimal, Binary, and Double Precision 


= Powerful Problem Solving Instruction Arithmetic 
Set 

= 6 General Purpose Registers and an = Ability to Provide Priority Vectored 
Accumulator Interrupts 


= 16-Bit Program Counter for Directly 
Addressing up to 64K Bytes of 
Memory = TTL Drive Capability 


The Intel® M8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip using 
Intel’s n-channel silicon gate MOS process. This offers the user a high performance solution to control and processing 
applications. 

The M8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose registers 
may be addressed individually or in pairs providing both single and double precision operators. Arithmetic and logical 
instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic operation. 

The M8080A has an external stack feature wherein any portion of memory may be used as a last in/first out stack to 
store /retrieve the contents of the accumulator, flags, program counter and all of the 6 general purpose registers. The 
16-bit stack pointer controls the addressing of this external stack. This stack gives the M8080A the ability to easily 
handle multiple level priority interrupts by rapidly storing and restoring processor status. It also provides almost 
unlimited subroutine nesting. 

This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line bidirectional 
data busses are used to facilitate easy interface to memory and I/O. Slgnals to control the interface to memory and I/O 
are provided directly by the M8080A. Ultimate control of the address and data busses resides with the hold signal. It 
provides the ability to suspend processor operation and force the address and data busses into a high impedance 
state. This permits OR-tying these busses with other controlling device for (DMA) direct memory access or multi- 
processor operation. 


mw 512 Directly Addressed I/O Ports 


DATA BUS 
BUFFER/LATCH 


ACCUMULATOR TEMP. REG. 
(8) 


ACCUMULATOR 
LATCH (8) 


INSTRUCTION 
REGISTER (sg) 
AG : 
FLIP-FLOPS 


INSTRUCTION 
DECODER 
AND 
MACHINE 
CYCLE 
ENCODING 


TIMING 
AND 
CONTROL 


DATA BUS INTERRUPT HOLD WAIT 


WRITE CONTROL CONTROL CONTROL CONTROL SYNC CLOCK 
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M8080A 


INSTRUCTION SET 


The accumulator group instructions include arithmetic and 
logical operators with direct, indirect, and immediate ad- 
dressing modes. 


Move, load, and store instruction groups provide the ability 
to move either 8 or 16 bits of data between memory, the 
six working registers and the accumulator using direct, in- 
direct, and immediate addressing modes. 


The ability to branch to different portions of the program 
is provided with jump, jump conditional, and computed 
jumps. Also the ability to call to and return from sub- 
routines is provided both conditionally and unconditionally. 
The RESTART (or single byte call instruction) is useful for 
interrupt vector operation. 


Double precision operators such as stack manipulation and 
double add instructions extend both the arithmetic and 
interrupt handling capability of the M8080A. The ability to 


Data and Instruction Formats 


increment and decrement memory, the six genet 
and the accumulator is provided as well as extended in 
ment and decrement instructions to operate on the regi 
pairs and stack pointer. Further capability is provided by 
the ability to rotate the accumulator left or right through 
or around the carry bit. 


Input and output may be accomplished using memory ad- 
dresses as !/O ports or the directly addressed I/O provided 
for in the M8080A instruction set. 


The following special instruction group completes the 
M8080A instruction set: the NOP instruction, HALT to stop 
processor execution and the DAA instructions provide deci- 
mal arithmetic capability. STC allows the carry flag to be di- 
rectly set, and the CMC instruction allows it to be comple- 
mented. CMA complements the contents of the accumulator 
and XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Data in the M8080A is stored in the form of 8-bit binary integers. All data transfers to the system data bus will be in the 


[D7 De Ds Dag Ds Da-Dy Do | 


same format. 


DATA WORD 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored 
in successive words in program memory. The instruction formats then depend on the particular operation 


executed. 


One Byte Instructions 


| 


D7 Dg Ds Dy D3 D> D; Dg} OP CODE 


Two Byte Instructions 


OP CODE 


Dy Dg Ds D4 D3 Do Dy Do 


Dz Dg Ds D4 D3 Dz Dy Dg | OPERAND 


Three Byte Instructions 


Dz Dg Ds Dg D3 D> Dy Dg | OP CODE 


D7 Dg Ds D4 D3 D> D, Do 


Dz Dg Ds Dy D3 Do D, Do 


TYPICAL INSTRUCTIONS 


Register to register, memory refer- 
ence, arithmetic or logical, rotate, 
return, push, pop, enable or disable 
Interrupt instructions 


Immediate mode or I/O instructions 


Jump, call or direct load and store 
instructions 


LOW ADDRESS OR OPERAND 1 
HIGH ADDRESS OR OPERAND 2 


For the M8080A a logic ‘’1”’ is defined as a high level and a logic “0” is defined as a low level. 
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M8080A 


ABSOLUTE MAXIMUM RATINGS* 


-55°C to +125°C 
-65°C to +150°C 


Temperature Under Bias 
Storage Temperature ............... 
All Input or Output Voltages 


With Respect to Veg ...........-.-.- -0.3V to +20V 
Vcc, Vpp and Vss With Respect to Veg -0.3V to +20V 
Power Dissipation ..............0 20022 ee eee 1.7W 


D.C. CHARACTERISTICS 
Ta = -55°C to +125°C, Vpp = +12V £10%, Voc = +5V +10%, 


*COMMENT: Stresses above those listed under Absolute Maxi- 
mum Ratings’ may cause permanent damage to the 
This is a stress rating only and functional operation of 
vice at these or any other conditions above those indica 
the operational sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for extended ~ 
periods may affect device reliability. 


Vep =-5V +10%, Vss = OV, Unless Otherwise Noted. 


Symbol Parameter Min. Typ. Max. _ Unit Test Condition 
Vite Clock Input Low Voltage Vss—1 Vgst0.8 5 V 
ViHC Clock Input High Voltage 5.5 Vpopt+1, V 
Vie Input Low Voltage Vss—1 | Vegt0.8' V 
VIP Input High Voltage 3.0 | Vectl V 
VoL Output Low Voltage | 0.45 V loy = 1.9mA on all outputs, 
ve Output High Voltage V loH = 150pA. 
Ipp (av) | Avg. Power Supply Current (Vpp) 50 80 mA 
loc (AV) Avg. Power Supply Current (Vcc) | 60 100 mA saibolmes 
Tcy = .48 usec 
Igp (av) | Avg. Power Supply Current (Vgp) 
hip Input Leakage Vss S Vin S Vee 
Clock Leakage Vss < Vetock S Vop 
Ip, [2] Data Bus Leakage in Input Mode -100 UA Vss SVin <Ves + 0.8V 
a OR | ee ee Vee 
7 i AGATESS and Data Bus Leakage | | uA | VADDR/DATA = Vcc 
During HOLD VADDR/DATA = Vss + 0.45V 


CAPACITANCE 
qT, = 25°C Vcc = Vop = Vss = OV, Veg =-5V 


[reer [om [nn | va 
Clock Capacitance 

ef | 
5 


The RESET signal must be active for a minimum of 3 clock cycles. 
When DBIN is high and Viqy > V}W an internal active pull up will 
be switched onto the Data Bus. 

3. Al supply / AT, = -0.45%/"C. 


Input Capacitance 


Output Capacitance 


NOTES: 
1. 
4 


=: 


1.5 
= 
2 
a 430 
Test Condition = 
Oo 
= > 
i= 1 MHz 2 te 
Unmeasured Pins 2 
Returned to Vss 


-55 +50 +125 


AMBIENT TEMPERATURE (°C) 


Figure 1. Typical Supply Current vs. 
Temperature, Normalized] 


MAX 


Vec 


Vin 


Figure 2. Data Bus Characteristic During 
DBIN 
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A.C. 


Ta = -55°C to +125°C, Vpp = +12V +10%, Voc = +5V +10%, Vag = -5V +10%, Veg = OV, Unless Otherwise Notee 


tcy[3] | Clock Period 

Lies te Clock Rise and Fall Time 

tot ~; Pulse Width 

to2 $2 Pulse Width 

toi Delay ¢, to $2 

tp2 Delay $2 to $ 

tp3 Delay ¢; to 62 Leading Edges 
tpa [2] | Address Output Delay From $9 


top [2] | Data Output Delay From $5 
toc [2] Signal Output Delay From ¢,, or ¢2 (SYNC, WR,WAIT, HLDA) 
tor [2] | DBIN Delay From ¢9 


tp, [1) Delay for Input Bus to Enter Input Mode tpg | nsec 
tps1 Data Setup Time During ¢; and DBIN nsec 
[14] 
WAVEFORMS (Note: Timing measurements are made at the following reference voltages: CLOCK ‘'1”’ = 7J/0V, 
“O" = 1.0V; INPUTS “1” = 3.0V, 0” = 0.8V; OUTPUTS “1” = 2.0V, “0” = 0.8V.) 
< “toy - ee el —™| toy + 
_ = ty | 
4 
92 
Ais-Ao eo | ' pie i pn set — 
toa —— +- + taw- rt te ad 
| | +—top > | | 
|| AG [DATA OUT 
i ii aia dea 
| 4 ty +>) | 
SYNC " eet aes | } | 
— toc <= = toc = | 
DBIN 
‘DE < top| | 
WR | | | 
|| ; | toc | 
H —.,| = 
READY ay || ¥ f ai 
tag emcee | | trsi=—>| ‘toc le 
WAIT ty assis |< | 
toc | — _ ty i - 
HOLD (aX T 
— tus + | 
HLDA || 
1) 
INT } al 
tis | 
ty | a 
INTE 


CHARACTERISTICS 


M8080A 


Test Condit 


NSec 


nsec 


Ol} RO 
Clo 
wn wn wn Ss 
iq) ig) ig?) ie 
oO oO oO ~~ 


nsec 


nsec 


oO 


NSec 
NSEC 
nsec 


C, = 50pf 
nsec 


N o) 
pa i ~ OC! ‘sp 
© oO oO oo 


— NRO | NO 
oi NO 
_iglalgigis 
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M8080A 


A.C. CHARACTERISTICS (Continued) a 
Ta = -55°C to +125°C, Vpp = +12V +10%, Voc = +5V +10%, Veg = -5V +10%, Vgg = OV, Unless Otherwise Not 


Symbol Parameter Min. Test Condition g 
toy !1] | Data Hold Time From @5 During DBIN Sm ff nsec | 
tye(2] | INTE Output Delay From ¢5 | 200 | nsec | C, = 50pf 


nsec C_ =SO0pft 


[7] 
twal2] | Address Stable From WR 
HLDA to Float Delay al 


twe [2] | WR to Float Delay [9] 


tay(2] | Address Hold Time After DBIN During HLDA 


NOTES: 


1. Data input should be enabled with DBIN status. No bus conflict can then occur and data hold time is assured. 
tDbH = 50 ns or tof, whichever is less. 


2. Load Circuit. % 
Oy +5V 


ty, [2] nsec 


nsec 


nsec 


trs READY Setup Time During $9 120} | nsec | 
tiag HOLD Setup Time to $5 | 140 | | nsec | 
tis INT Setup Time During $2 120 | | nsec | 
“ha Hold Time From $9 (READY, INT, HOLD) 0} nsec 
: tep Delay to Float During Hold (Address and Data Bus) nsec 
tawl2] | Address Stable Prior to WR 
tow 2! Output Data Stable Prior to WR 6 
twp!2] | Output Data Stable From WR au 
teal 
nsec 


o 
: M8080A 
OUTPUT 
r* 
Ais-Ao 2 (ear kad a 
r +—>| twa | 3. tcy =tp3 + tre2 + to2 + t¥o2 + to2 + trg1 2 480ns. = 
SS ee eae TYPICAL A OUTPUT DELAY VS. A CAPACITANCE 
| | | -- 
D,-Dy Zia ie at a 72 
SYNC a = wi 
a 
| Ww 
} | TAH a 
| } = 0 
a : : : . | Le 
5 
Oo -10 
_ 4 - 
WR — — -20 © 
t -100 -50 0 +50 +100 = 
[| “oc =) 
i 
READY | | \ CAPACITANCE (pf) és 
| | (Cactuat ~ Cspec! = 
~— tHE 
iin 4. The following are relevant when interfacing the M8080A to devices having Vij} = 3.3V: 
a) Maximum output rise time from .8V to 3.3V = 100ns @ C,_ = SPEC. 
Hoto | b) Output delay when measured to 3.0V = SPEC +60ns @ C,_ = SPEC. 


c) If CL # SPEC, add .6ns/pF if CL> CgpeEc, subtract .3ns/pF (from modified delay) if C_ <Cspec. 
—+| toc |<— 5. taw = 2 tcy -tp3 -tre2 -140nsec. 
HLDA : tow =tcy -tD3 -tro2 -170nsec. 

8 


. If not HLDA, twp = tWa = to3 + tro2 +10ns. If HLDA, twp = twa = twe.- 


. tHF = tp3 t+ trg2 -5Ons. 
- | 9. twe = tpg + trg2 -10ns 


sl 10. Data in must be stable for this period during DBIN -T3. Both tpgq and tpg must be satisfied. 
11. Ready signal must be stable for this period during T3 or Ty. (Must be externally synchronized.) 
12. Hold signal must be stable for this period during Tz or Ty when entering hold mode, and during T3, Tq, Ts 
and TwuH when in hold mode. (External synchronization is not required.) 
INTE 13. Interrupt signal must be stable during this period of the last clock cycle of any instruction in order to be 


recognized on the following instruction. (External synchronization is not required.) 
14. This timing diagram shows timing relationships only; it does not represent any specific machine cycle. 


em 
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intel 
8224 


CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 


a Single Chip Clock Generator/Driver for = Oscillator Output for External System 


8080A CPU Timing 
a Power-Up Reset for CPU a Crystal Controlled for Stable System 
a Ready Synchronizing Flip-Flop Operation 
= Advanced Status Strobe = Reduces System Package Count 


The Intel® 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by acrystal, selected by the 
designer to meet a variety of system speed requirements. 


Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready. 
The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 8080A. 


PIN CONFIGURATION BLOCK DIAGRAM 


fis> XxTALI 
OSCILLATOR osc [12> 
XTAL2 
RESET[__]1 161] Voc fi3> TANK 
RESIN[ }2 151] XTAL1 o i> 
L2 ; 
RDYIN[ 93 14] | xXTA 92 
READY| ]4 13f | TANK 7 
og(TTLI[6 > 
sync[{ 5 12, | Osc 
TTL ¢ STSTB 
#2 TTLH 96 i) ie [5> sync o- STsTB [7 > 
STSTB 7 $9 
Ln [2> RESIN 
GND[__]8 9f |Yoo SCHMITT 
INPUT RESET [1 > 
[3>> RDYIN READY [4 > 
PIN NAMES 
RESIN | RESETINPUT | [  XTAL1 CONNECTIONS 
RESET | RESET OUTPUT XTAL2 | | FOR CRYSTAL | 
4 
RDYIN | READY INPUT | TANK | _USEDWITHOVERTONE XTAL | 
READY | READY OUTPUT | Osc | OSCILLATOR OUTPUT J 
SYNC SYNCINPUT | |_ 2 (TTL) 2 CLK (TTL LEVEL) | 
STStB | STATUSSTB Voc +5V 
(ACTIVE LOW) — er ) 
8080 GND OV 1 
CLOCKS 
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8224 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 

Maximum Ratings’ may cause permanent damage to the 
Temoeratuse Under Biss, «< ca. <<ad<+0x< 0°C to 70°C device. This is a stress rating only and functional opera- 
Storage Temperature.............. _65°C to 150°C tion of the device at these or any other conditions above 
Supply Voltage, Voc... eee eee ees ~O. BY to ¥7¥V those indicated in the operational sections of this specifi- 
Supply Voltage, Vpp..........-.00: —0.5V to +13.5V cation is not implied. Exposure to absolute maximum 
Input Voltage... . 2... ee ee ee ee eee —1.5V to +7V rating conditions for extended periods may affect device 
Outhut Gurren, ..6 6 cc oko oe aw eee ee ewe OS 100mA reliability. 


D.C. CHARACTERISTICS 
Ta = O°C to 70°C; Veg = +5.0V +5%; Vpp = +12V +5%. 


Symbol Parameter | Min. | Typ. | Max. | Test Conditions 


lp Input Current Loading Pf | fm Ve =.45V 
IR Input Leakage Current Sh TE A Ve = 5.25V 


Vin Input ‘‘High’’ Voltage 2.6 V Reset Input 
20 All Other Inputs 


Output ““Low” Voltage (1, ra Ready, Reset, STSTB 
lo. =2.5mA 
All Other Outputs 
lo. = 15mA 

Output “High” Voltage 

?, 2 V lon = -100UA 

READY, RESET V lon = -100uUA 

All Other Outputs V lon =-1mA 


Isc (1) Output Short Circuit Current -10 Vo = OV 
(All Low Voltage Outputs Only) Vec = 5.0V 


Note: 1. Caution, 1 and $2 output drivers do not have short circuit protection 


VOH 


Crystal Requirements 


uw 
co 
et 
S 
me 
” 
eS) 
= 


Tolerance: .005% at O°C -70°C 
Resonance: Series (Fundamental) * 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Typ.) : 4mW 


*With tank circuit use 3rd overtone mode. 
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8224 


A.C. CHARACTERISTICS 
Vec = +5.0V + 5%; Vpp = +12.0V + 5%; Ta = 0°C to 70°C 


Limits Test 
Symbol Parameter | Min, | Typ. | Max, | Conditions 
tp¢2 $2 to dg (TTL) Delay +15 g2TTL,CL=30 
R,=300Q2 
R2=60002 
— $o to STSTB Delay oy - 30ns a 


STSTB, CL=15pF 
R, = 2K 
Ro = 4K 


tpw STSTB Pulse Width a 15ns 
RDYIN Setup Time to 4tcy 

tors — 
Status Strobe 9 
RDYIN Hold Time Atcy 

tpRH a 
After STSTB 9 


os 

rel o 

5 < 

wn” 

He 

[@>) 
ps 
oO 
< 


os | 
< 
1 
NO 
o 
S 
n 


ton RDYIN or RESIN to 4tc Ready & Reset 
$2 Delay CL=10pF 
R,=2K 
Ro=4Kk 
f Maximum Oscillating ' 
aie Frequency 2 MHz 
= C., Input Capacitance pF Vec=+5.0V 
2 Vpop=+12V 
= Veias=2.5V 
f=1MHz 


TEST 
CIRCUIT 
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8224 


WAVEFORMS 


>, 


%2(TTL) 


SYNC 
(FROM 8080A) 


STSTB 


'bo2 too2 


READY OUT 


RESET OUT 


toss 


VOLTAGE MEASUREMENT POINTS: $4, $9 Logic ‘’0" = 1.0V, Logic 1" = 8.0V. All other signals measured at 1.5V. 


EXAMPLE: 


A.C. CHARACTERISTICS (For tcy = 488.28 ns) 
Ta = 0"C to 70°C; Vop = +8V +5%; Vpp = +12V +5%. 


Parameter 


, Pulse Width 


$2 Pulse Width 236 
Delay ~; todos 


Delay $1 to dg Leading Edges 
Output Rise Time 
Output Fall Time 


2 to STSTB Delay 
$2 to d2 (TTL) Delay 


Limits 
yp 


=] 


ce) 
on 


109 


296 


Status Strobe Pulse Width 


RDYIN Setup Time to STSTB 
RDYIN Hold Time after STSTB 


READY or RESET 
to $2 Delay 


Oscillator Frequency 


-167 
217 
192 
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oO; oO 


18.432 


—s 
NIN] 
re) 


Test Conditions 


tcy =488.28ns 


$; & dz Loaded to 
C, =20 to 50pF 


Ww 
co 
— 
S 
Y 
Zp) 
S) 
= 


Ready & Reset Loaded 
to 2mA/10pF 

All measurements 
referenced to 1.5V 
unless specified 
otherwise. 


¥9) 
fee) 
eas 
| 
3 
op) 
© 
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intel 


M8224 
CLOCK GENERATOR AND DRIVER 
FOR 8080A CPU 


a Single Chip Clock Generator/Driver for 
M8080A CPU | 


= Power-Up Reset for CPU 
m Ready Synchronizing Flip-Flop 
= Advanced Status Strobe 


= Fully Military Temperature Range 
— 55°C to +125°C 


a Oscillator Output for External System 
Timing 


a Crystal Controlled for Stable System 
Operation 


m Reduces System Package Count 


=» +10% Power Supply Tolerance 


The Intel® M8224 is a single chip clock generator/driver for the M8080A CPU. It is controlled by a crystal, selected by 
the designer to meet a variety of system speed requirements. 


Also included are circuits to provide power-up reset, advance status trobe, and synchronization of ready. 


The M8224 provides the designer with a significant reduction of packages used to generate clocks and timing for 


M8080A. 


PIN CONFIGURATION 


BLOCK DIAGRAM 


[is> xTaLt 
OSCILLATOR osc [12> 
XTAL2 
RESET [91 161] Vec 13> TANK 
RESIN[ }2 15[__] XTAL 1 ‘ i> 
Y 14 XTAL 2 
RDYIN[{ 3 = ; 
READY[{ |4 13] | TANK 
og(TTLI[6 > 
sync{ ]5 | _}osc 
by (TTL) 11 ¢ i- 
#, (TTL) Ts my [E> syne sTsTe [7 > 
stsTB[ 47 10 ce ee 
- [2> RESIN 
GND[__}8 ) A SCHMITT 
INPUT RESET {i> 
[3> RDYIN ie Q READY [4> 
e 
PIN NAMES 
[RESIN | RESETINPUT | | XTAL1  |/ CONNECTIONS 
__RESET _| RESET OUTPUT | _xTAL2 =|) FORCRYSTAL | 
_RDYIN | READY INPUT TANK USED WITH OVERTONE XTAL | 
| READY | READY OUTPUT | f OSC OSCILLATOR OUTPUT | 
SYNC SYNC INPUT | 2 (TTL) 2 CLK (TTL LEVEL) 
————} = 1 
| STSTB | STATUSSTB Vec V0 | 
(ACTIVELOW) | | Vpp [Hav | 
8080 GND | ov 
CLOCKS 
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M8224 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute 

Maximum Ratings” may cause permanent damage to the 
Temperature Under Bias......... . -55°C to 125°C device. This is a stress rating only and functional opera- 
Storage Temperature ............ -65°C to 150°C tion of the device at these or any other conditions above 
Supply Voltage, Vcc ..-..----42 -0.5V to +7V those indicated in the operational sections of this specifi- 
Supply Voltage, Vpp ....---...-+.-. . -0.5V to +13.5V cation is not implied. Exposure to absolute maximum 
Input Voltage ..............20-. -1.0V to +7V rating conditions for extended periods may affect device 
OUtDUE GUTENE 6 cok ec ee ee ewe cee 100mA reliability. 


D.C. CHARACTERISTICS 
Ta = -55°C to 125°C; Voc = +5.0V +10%; Vpp = +12V +10%. 


Vin Input “High” Voltage RESIN 2.6 V 
All Other Inputs 2.0 
VoL Output “‘Low’’ Voltage OSC, 45 V lo. = 10mA 
2 (TTL) | 
All Other Outputs 45 V | lot = 2.5mA 

Vou Output ‘‘High” Voltage 

oF ' 2 9.0 V Ion = -100uA 

READY, RESET >. V lon = -100uUA 

OSC, $2 (TTL), STSTB V lon =-1mA 
Ilogi1] Output Short Circuit Current -10 mA Vo = OV 

(All Low Voltage Outputs Only) Vec = 5.0V 


Note: 1. Caution, $1 and $9 output drivers do not have short circuit protection 


Crystal Requirements 


Tolerance: .005% at -55°C to 125°C 
Resonance: Series (Fundamental) * 
Load Capacitance: 20-35pF 
Equivalent Resistance: 75-20 ohms 
Power Dissipation (Min): 4mW 


9) 
co 
a, 
So 
mY 
wa 
©O 
= 


*With tank circuit use 3rd overtone mode. 
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M8224 


A.C. CHARACTERISTICS 
Vec = +5.0 10%; Vpp = +12.0V +10%; Ta = -55°C to +125°C 


Limits 
Symbol Parameter yp. 
ii $1 Pulse Width ay - 20ns 


tg2 $ Pulse Width ay - 45ns 
to1 01 to $2 Delay 


Test 
Units Conditions 


-| 


tp2 $2 to d; Delay ay - 25ns aa C, = 20pF to 50pF 
tr re ee ee 
tr es ee eee 
tpe2 +15 d2TTL,CL=30pF 
R,=30022 
R 2=60022 
6tcy 6tcy 
t —— - 30ns — 
9 R,=2K 
. Ro = 4K 
—_— RDYIN Setup Time to 5Ons - Atcy 2 
Status Strobe 9 
RDYIN Hold Time 4tcy 
tpRH a 
After STSTB 9 
tor READY or RESET to 
2 Delay CL=10pF 
R4,=2K 
R2=4K 
Maximum Oscillating 
Cin pF Vec=+5.0V 
2 Vpp=+12V 
S Veias=2.5V 
”n f=1MHz 
=) 
= 


INPUT 
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M8224 


WAVEFORMS 


?2(TTL) 


SYNC 
(FROM 8080A) 


READY OUT 


| 
—» 


RESET OUT ue 


VOLTAGE MEASUREMENT POINTS: $4, $2 Logic 0" = 1.0V, Logic ’’1"" = 7.0V. READY, RESET Logic "0” = 0.8V, Logic ’’1”’ = 3.0V. 
All other signals measured at 1.5V. 


Example: 


A.C. CHARACTERISTICS ( For tcy = 488.28 ns.) 
Ta = -55°C to 125°C; Vpp = +5V +10%; Vpp = +12V +10%. 


tot $1 Pulse Width tcy =488.28ns 
tg2 $2 Pulse Width 226 
to1 Delay $; to $9 


tp2 Delay $2 to $4 
tp3 Delay $; to 2 Leading Edges 


$; & $2 Loaded to 
C, =20 to 50pF 


NO 
ol 


t Output Rise Time 


—2 
S| xs 


Ww 
NO 
(o>) 


NO 
ol 


te Output Fall Time 


toss > to STSTB Delay 296 


tp 2 oy) to 2 (TTL) Delay ; +15 

tpw Status Strobe Pulse Width Ready & Reset Loaded 
tines RDYIN Setup Time to STSTB to 2mA/10pF 

oni RDYIN Hold Time after STSTB de leaainaerion 


tor READY or RESET 192 
to ¢2 Delay 


unless specified 
otherwise. 


Ve) 
ms) 
— 
= 
sa 
7p) 
oO 
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MCS-80/85 


intel 
8801 


CLOCK GENERATOR CRYSTAL 
FOR 8224/8080A 


= Specifically Selected for Intel® 8224 = Frequency Deviation +0.005% 


mw 18.432 MHz for 1.95 us 8080A Cycle = Fundamental Frequency Mode 


= Simple Generation of all Standard 
Communication Baud Rates = 0°C to 70°C Operating Temperature 


The Intel® 8801 is a quartz crystal specifically selected to operate with the 8224 clock generator and the 8080A CPU. It 
resonates in the fundamental frequency mode at 18.432 MHz. This frequency allows the 8080A at full speed (Tcy = 488 
ns) to have a cycle of 1.95 us and also simplifies the generation of all standard communication baud rates. The 8801 
crystal is exactly matched to the requirements of the 8080A/8224 and provides both high performance and system 
flexibility for the microcomputer designer. 


8801 INTERFACE PACKAGING INFORMATION 


7 a 


510 i8801 


OSC 


bg (TTL) 


8224 
CLOCK 
GENERATOR 


1.500 


<.192->| 


STSTB (TO 8228 PIN 1) 
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APPLICATIONS 


The selection of 18.432 MHz provides the 8080A with clocks 
whose period is 488ns. This allows the 8080A to operate at 
very close to its maximum specified speed (480 ns). The 
8224, when used with the 8801, outputs a signal on its OSC 
pin that is an approximately symetrical square wave at a 
frequency of 18.432 MHz. This frequency signal can be 
easily divided down to generate an accurate, stable baud 
rate clock that can be connected directly to the transmitter 
or receiver clocks of the 8251 USART. This feature allows 
the designer to support most standard communication 
interfaces with a minimum of extra hardware. 


The chart below (Fig. 1) shows the equivalent baud rates 
that are generated with the corresponding dividers. 


8801 


4 
f TO 8080A 
iy) 


v2(TTL) TO 8251 
2.048 MHz 


18.432 MHz 


BASIC DIVIDER 
30 


9600 BAUD 
(64X) 


TO 8251 

RXC/TXC 
TRIM OTHER 
DIVIDER BAUD 
RATES 


Figure 1. Block Diagram 


T ASIC PLUS TRIM 
614.4 KH : 
4800 307.2 KH +2 
2400 153.6 KH “4 
1200 76.8KH +8 
600 38.4 KH +16 
300 19.2 KH 32 
9.6 KH ; +64 
4.8 KH : +128 
*109.1 6.982 KH : +88 


*For 109.1 (64x) Baud rate divide 1200 Baud Frequency (76.8 KH) by 11. 


9) 
ee) 
— 
rc) 
ig 
Tp) 
oO 
= 


Figure 2. Baud Rate Chart 


ELECTRICAL CHARACTERISTICS 


Recommended Drive Level ...............-. 5mW 
Type Of Resondnce ....202eencenennesnees Series 
Equivalent Resistance .................. 20 ohms 


Maximum Shunt Capacity ................. 7pF 
Maximum Frequency Deviation 
O = 706. sicctac cus vam wa Ses + 005% 
oe = 195 Cis ccwte ec sureties os + 002% 
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intel 


8228/8238 
SYSTEM CONTROLLER AND BUS DRIVER 
FOR 8080A CPU 


= Single Chip System Control for 
MCS-80™ Systems 


a Built-In Bidirectional Bus Driver for 
Data Bus Isolation 


= Allows the Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 


= User Selected Single Level Interrupt 
Vector (RST 7) 


w 28-Pin Dual In-Line Package 
= Reduces System Package Count 


# *8238 Has Advanced |OW/MEMW for 
Large System Timing Control 


The Intel® 8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly interface MCS-80 family RAM, ROM, and I/O components. 


A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system noise immunity. 


A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system 
requirements. The 8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, interrupt driven systems to 


have an unlimited number of interrupt levels. 


The 8228 is designed to support a wide variety of system bus structures and also reduce system package count for 


cost effective, reliable design of the MCS-80 systems. 


PIN CONFIGURATION 


BLOCK DIAGRAM 


CPU 
DATA 
BUS 


BI-DIRECTIONAL 


BUS DRIVER SYSTEM DATA BUS 


DRIVER CONTROL 


22 
8228/8238 MEM R 
wo 
© STATUS ; MEM W 
S LATCH 7 
” : i7OR 
© |_| GATING 
S ARRAY 
(70 W 
STSTB 
DBIN p<——— BUSEN 
WR 
HLDA p INTA 
PIN NAMES 
DATA BUS (8080 SIDE) INTA | INTERRUPT ACKNOWLEDGE | 
DATA BUS (SYSTEM SIDE) HLDA | HLDA(FROM8080) 
1/O READ WR WR (FROM 8080) | 


1/O WRITE 


BUSEN | BUS ENABLE INPUT 


__ MEMORY READ 


STSTB | STATUS STROBE (FROM 8224) 
= = umaanan | 


MEMORY WRITE —> 


Vec +5V 


——_—} 


DBIN (FROM 8080) 


GND ~QVOLTS 
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8228/8238 


ABSOLUTE MAXIMUM RATINGS* *COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 

Temperature Under Bias............ —0°C to 70°C device. This is a stress rating only and functional opera- 

Storage Temperature .............. —65°C to 150°C tion of the device at these or any other conditions above 

Supply Voltage, Vcc... 2. ee ee ee eee —0.5V to +7V those indicated in the operational sections of this specifi- 

Input Voltage... 2.2... 2... ee ee eee —1.5V to +7V cation is not implied. Exposure to absolute maximum 

Outout CUO. 6 vcasc eh cocwaeavenseeunbs 100mA rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS Ty, =0°C to 70°C; Vcc = 5V +5%. 


Limits 

Symbol Parameter | Min. |Typ Sra] une _| Test Conditions 
Ve Input Clamp Voltage, All Inputs 75 | -10} Vv Vec=4.75V; Ie=-5mA 
lp Input Load Current, 

STSTB MA Veco = 5.25V 

Do, D;, Dg, Ds, uA 

& D7 250 
IR Input Leakage Current 

STSTB HA Vcc =5.25V 
Wei Input Threshold Voltage, All Inputs Se es Voc =5V 


VoL Output Low Voltage, 
Do-D7 


Vec =4.75V; loL=2mA 


All Other Outputs lo. = 10mA 


VOH Output High Voltage, 
Do-D7 3.6 3.8 


All Other Outputs 
los Short Circuit Current, All Outputs 


Vec=4.75V; Ioy=-10nA 
lou =-1ImA 
Vec=5V 


= | 3 


lo loft) Off State Output Current, 


All Contro! Outputs Vec=5.25V; Vo =5.25 


Vo =.45V 


= 
> 


N 
rs 
= 
> 


wn 
oO 
= 
ro) 
ses 
op) 
oO 
= 


iNT INTA Current (See Figure below) 


Note 1: Typical values are for Ta = 25°C and nominal supply voltages. 
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8228/8238 


WAVEFORMS : : : ; ; 


i ee hs ey A, ee ee SO, Vena 
—>| toy |<— 
STATUS STROBE \ \ / 


8080 DATA BUS 


—_— toy 


t { | 
DBIN ss | / \ 


>| tar par 


a a es | | | 
INTA, |OR, MEMR \ | Z 


INTA, |OR, MEMR 
DURING HLDA 


SYSTEM BUS DURING READ | 


6000 BUS DURING READ- — — — — — — — oo 5 a a eee 


8080 BUS DURING WRITE | x 


- two ” 
PETER EO UTIRSNEIIE i ota we Mea eh ae +s oS 


> we [+ 
SYSTEM BUS ENABLE 
cal te —— oi te = 
—_—_—_—— 
SYSTEM BUS OUTPUTS — — — — — — — — — — < | [Se a a a a a a se ee a 
| 
VOLTAGE MEASUREMENT POINTS: Do-D7 (when outputs) Logic “0” = 0.8V, Logic ‘1’ = 3.0V. All other signals measured 
at 1.5V. 


*ADVANCED IOW/MEMW FOR 8238 ONLY. 


A.C. CHARACTERISTICS §3 Ty, =0°C to 70°C; Vee = 5V +5%. 


Limits 
Symbol Parameter Ha ee Condition 
tpw Width of Status Strobe | 22; | ons | 
tss Setup Time, Status Inputs D9-D7 | Bf} | ons | 
tsH Hold Time, Status Inputs Dg-D7 PB] fons 
2 toc Delay from STSTB to any Control Signal - 20 | 60 | ns | C, = 100pF 
= tRR Delay from DBIN to Control Outputs | | 30 | ns | C. = 100pF 
nia Delay from 8080 Bus Do-D7 to System Bus la ns | Cy = 100pF 
DBoy-DB7 during Write 5 
te Delay from System Bus Enable to System Bus DByg-DB7 | 30] ons | C, = 100pF 
tupD HLDA to Read Status Outputs | | 25 |] ons 
tos Setup Time, System Bus Inputs to HLDA 10} fons 
tpH Hold Time, System Bus Inputs to HLDA 20} fons | C, = 100pF 
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8228/8238 


CAPACITANCE 


This parameter is periodically sampled and not 100% tested. 


Parameter 


Cin Input Capacitance 


Output Capacitance 


CouT Control Signals 


1/O Capacitance 
(D or DB) 


Test Conditions: NS: Vgias = 2.5V, Voc =5.0V, Ta = 25°C, f = 1MHz. 


Limits 


Note 2: For Dg-D7: R1 = 4K2, Ra= @2, 
Cy = 25pF. For all other outputs: 
R= 5002, Ro = 1K2, Cy = 100pF. 


2 
GND, > 
20 

+5V 
11 

-5V 


SYSTEM DMA REQ. ——————> 


14 
SYSTEM INT. REQ. ——————> 
16 
INT. ENABLE 
q XTAL 
14 15 


8224 
CLOCK 
GENERATOR 


DRIVER 


TEST CIRCUIT!2! 


OUTPUT 
PIN 
LG, . 
2 
less GND 


1KQ + 10% 


Figure 1. INTA Test Circuit (for RST 7) 


13 


22 
15 


24 

23 8228/8238 

BI-DIRECTIONAL 
BUS DRIVER 


12 


19 


STATUS STROBE 1 SYSTEM 
CONTROL 


ADDRESS BUS 


WwW 
a 
S 
Tr 
Zp) 
re) 
= 


DATA BUS 


CONTROL BUS 


Figure 2. CPU Standard Interface 
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intel 


M8228 


SYSTEM CONTROLLER AND BUS DRIVER 
FOR M8080A CPU 


a Single Chip System Control for 
MCS-80™ Systems 


ew Built-In Bidirectional Bus Driver for 
Data Bus Isolation 


a Allows the Use of Multiple Byte 
Instructions (e.g. CALL) for Interrupt 
Acknowledge 


The Intel® M8228 is a single chip system controller and bus driver for MCS-80. It generates all signals required to 
directly interface MCS-80 family RAM, ROM, and I/O components. 


A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 data bus 
from memory and I/O. This allows for the optimization of control signals, enabling the systems designer to use slower 
memory and I/O. The isolation of the bus driver also provides for enhanced system noise immunity. 


A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small system re- 
quirements. The M8228 also generates the correct control signals to allow the use of multiple byte instructions (e.g., 
CALL) in response to an interrupt acknowledge by the M8080A. This feature permits large, interrupt driven systems to 


have an unlimited number of interrupt levels. 


The M8228 is designed to support a wide variety of system bus structures and also reduce system package count for 


cost effective, reliable, design of the MCS-80 systems. 


PIN CONFIGURATION 


CPU 
DATA D3 
BUS 


STSTB 
DBIN 
WR 
HLDA 


PIN NAMES 


DATA BUS (8080 SIDE) 


= User Selected Single Level Interrupt 
Vector (RST 7) 


= 28-Pin Dual In-Line Package 
m Reduces System Package Count 


a Full Military Temperature Range 
— 55°C to +125°C 


= +10% Power Supply Tolerance 


BLOCK DIAGRAM 


BI-DIRECTIONAL 


BUS DRIVER SYSTEM DATA BUS 


INTERRUPT ACKNOWLEDGE 


DATA BUS (SYSTEM SIDE) _ 


HLDA (FROM 8080) 


VO READ _ 


"| WR (FROM 8080) 


VO WRITE 


_ BUS ENABLE INPUT 


_ MEMORY READ 


STATUS STROBE (FROM 8224) 


_| MEMORY WRITE ; 
DBIN (FROM 8080) 
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0 VOLTS 


M8228 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias 
Storage Temperature 
Supply Voltage, 


Input Voltage . 
Output Current 


Vcc 


-55°C to 125°C 
-65°C to 150°C 
-0.5V to +7V 
-1.0V to +7V 
100mA 


“COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS = Tx, =-55°C to 125°C; Vee = 5V +10%. 


Symbol Parameter Unit 


Ve 


IF 


VOH 


los 
lo (off) 


liNT 


Note 1: 


Input Load Current, 
STSTB 


ee es 


Test Conditions 


Input Leakage Current 
DBo - D7 


All Other Inputs 


Input Threshold Voltage, All Inputs 


Power Supply Current 


Output Low Voltage, 


All Other Outputs 


Output High Voltage, 
Do - D7 


All Other Outputs 
Short Circuit Current, All Outputs 


Off State Output Current, 


All Controls Outputs 


INTA Current 


Typical values are for Ta = 25°C and nominal supply voltages. 


Ic = -bmA 
MA 
Ve =0.4V 
ee ee 
ee ee 
ee 
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M8228 


CAPACITANCE This parameter is periodically sampled and not 100% tested. 


=m Parameter 


Input Capacitance 
Output Capacitance 
Control Signals 
1/O Capacitance 

| 

ma (D or DB) 


Note 2: For Dg-D7: Ry = 4KQ, Ro= 2, i 


Ci = 25pF. For all other outputs: TEST CIRCUIT |?! 
R1 = 5002, Ro = 1KQ, Cy = 100pF. 


GND GND Figure 1. INTA Test Circuit (for RST 7) 


A.C. CHARACTERISTICS. Ty =-55°C to 125°C; Vcc = 5V £10%. 


Limits 
Symbol Parameter a a Condition 
tpw Width of Status Strobe | 25] | ns | 
tss Setup Time, Status Inputs Dg-D7 8 pf ons | 
tsH Hold Time, Status Inputs Dg-D7 5 | fons 
toc Delay from STSTB to any Control Signal 20 | 75 | ns | C, = 100pF 
trRR Delay from DBIN to Control Outputs | | 30 | ons | C. = 100pF 
Delay from WR to Control Outputs 5 | 60 | ns | C. = 100pF 
ee |r rb nba m= 
Delay from 8080 Bus Dg-D7 to System Bus Mri CL = 100pF 
DBg-DB7 during Write 
te Delay from System Bus Enable to System Bus DBy-DB7 | 30 | ons | C. = 100pF 
co tup HLDA to Read Status Outputs ae ons | C,_ = 100pF 
= tos Setup Time, System Bus Inputs to HLDA | 10} | ons | 
= toH Hold Time, System Bus Inputs to HLDA | 20} | ons 
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M8228 


D 
M8080A <— DB, 
CPU 


M8228 
BIDIRECTIONAL 
BUS DRIVER 


DATA BUS 


(FROM 8224) STATUS STROBE MEM W + CONTROL BUS 


BUSEN 


Figure 2. M8080A CPU Interface 


TYPE OF MACHINE CYCLE 


/y 
"% 
2p 


(N) STATUS WORD 


; 


INTA 


| (NONE) 
Le INT A 


eee YD W 
/OR 


ww 
co 
SS 
S 
oe 
7) 
oO 
= 


CONTROL 
|________________________ mMEMW]|__ SIGNALS 
MEM R 
(EM 
—  MEMR 
MEM R 


Figure 3. Status Word Chart 
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M8228 


WAVEFORMS 


STATUS STROBE 


8080 DATA BUS Cit |. 


DBIM 


ter 
INTA, |OR, MEMR 


‘oc 
HLDA 
< tuo 
INTA, 1OR, MEMR 
DURING HLDA 
SYSTEM BUS DURING READ _ TK | 
8080 BUS DURING READ: — — — — — — — ---K ™§K £p-------------- 


WR 
‘wr =| of# >| |= ‘wr 


1OW OR MEM W 


8080 BUS DURING WRITE 
k two 
a 


SYSTEM BUS DURING WRITE Se Or 


SYSTEM BUS ENABLE 
SYSTEM BUS OUTPUTS = = — — — —  — — < se iy gi: ami. ens. ais sa a, ig. is es 


VOLTAGE MEASUREMENT POINTS: Do-D7 (when outputs) Logic “0” = 0.8V, Logic “1'’ = 3.0V. All other signals measured 
at 1.5V. 
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intel 
8085A 


SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 


a Single +5V Supply a 4 Vectored Interrupts (One is Non- 
= 100% Software Compatible with Maskable) 
8080A 
; a Serial In/Serial Out Port 
a 1.3 us Instruction Cycle 
a On-Chip Clock Generator (with ws Decimal, Binary, and Double Precision 
External Crystal or RC Network) Arithmetic 


s On-Chip System Controller; Advanced 
Cycle Status Information Available for = Direct Addressing Capability to 64K 
Large System Control Bytes of Memory 
The Intel® 8085A is a new generation, complete 8 bit parallel central processing unit (CPU). Its instruction set is 100% 
software compatible with the 8080A microprocessor, and it is designed to improve the present 8080’s performance by 


higher system speed. Its high level of system integration allows a minimum system of 3 IC’s: 8085A (CPU), 8156 (RAM), 
and 8355/8755A (ROM/PROM). 


The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080, thereby offering a high level of system integration. 


The 8085A uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data bus. The 
on-chip address latches of 8155/8156/8355/8755A memory products allows a direct interface with the 8085A. 


BLOCK DIAGRAM 


INTA RST6.5 TRAP 
INTR RST 5.5 RST7.5 SID SOD 
INTERRUPT CONTROL SERIAL 1/0 CONTROL 
| 8-BIT INTERNAL DATA BUS | 


TEMP. REG. 


ACCUMULATOR 
(8) 


(8) 


INSTRUCTION 
REGISTER (8) 
FLAG '5) 
FLIP-FLOPS 


ARITHMETIC 
LOGIC 
UNIT 


INSTRUCTION 


REGISTER 


REG. ARRAY 


L 
REG. 
(16) 
STACK POINTER 


INCREMENTER/DECREMENTER 
ADDRESS LATCH (16) 


CYCLE 
ENCODING 


POWER | —» +5V 
SUPPLY | —» GND 


TIMING AND CONTROL 


(8) (8) 


x ADDRESS BUFFER DATA/ADDRESS BUFFER 
1 


X2 CONTROL STATUS DMA 


CLK OUT D WR ALE SoS; 10/M HLDA RESET OUT 
READY HOLD RESET IN 


A15-Ag AD7-ADo 
ADDRESS BUS ADDRESS/DATA BUS 
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PIN DESCRIPTION 


The following describes the function of each pin: 


Ag-A15 (Output 3-State) 


Address Bus; The most significant 8-bits of the memory 
address or the 8-bits of the |/O address, 3-stated during 
Hold and Halt modes. 


ADo.7 (Input/Output 3-state) 


Multiplexed Address/Data Bus; Lower 8-bits of the 
memory address (or |/O address) appear on the bus 
during the first clock cycle of a machine state. It then 
becomes the data bus during the second and third clock 
cycles. 


3-stated during Hold and Halt modes. 


ALE (Output) 


Address Latch Enable: It occurs during the first clock cycle of 
a machine state and enables the address to get latched into 
the on-chip latch of peripherals. The falling edge of ALE is set 
to guarantee setup and hold times for the address information. 
ALE can also be used to strobe the status information. ALE 
is never 3-stated. 


SO, S1 (Output) 
Data Bus Status. Encoded status of the bus cycle: 


0 O HALT 
0 1 WRITE 
1 O READ 
1 1 FETCH 


S1 can be used as an advanced R/W status. 


RD (Output 3-state) 


READ; indicates the selected memory or I/O device is to be 
read and that the Data Bus is available for the data transfer. 
3-stated during Hold and Halt. 


WR (Output 3-state) 
WRITE; indicates the data on the Data Bus is to be written 
into the selected memory or I/O location. Data is set up at 


the trailing edge of WR. 3-stated during Hold and Halt 
modes. 


READY (Input) 


If Ready is high during a read or write cycle, it indicates 
that the memory or peripheral is ready to send or receive 
data. If Ready is low, the CPU will wait for Ready to go high 
before completing the read or write cycle. 


HOLD (Input) 


HOLD; indicates that another Master is requesting the use 
of the Address and Data Buses. The CPU, upon receiving 
the Hold request, will relinquish the use of buses as soon 
as the completion of the current machine cycle. Internal 
processing can continue. The processor can regain the 
buses only after the Hold is removed. When the Hold is 
acknowledged, the Address, Data, RD, WR, and!1O/M lines 
are 3-stated. 


HLDA (Output) 


HOLD ACKNOWLEDGE; indicates that the CPU has 
received the Hold request and that it will relinquish the 
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Vec 

HOLD 
HLDA 
CLK (OUT) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Figure 1. Pin Configuration 


buses in the next clock cycle. HLDA goes low after the 
Hold request is removed. The CPU takes the buses one 
half clock cycle after HLDA goes low. 


INTR (Input) 


INTERRUPT REQUEST; is used as a general purpose 
interrupt. It is sampled only during the next to the last 
clock cycle of the instruction. If it is active, the Program 
Counter (PC) will be inhibited from incrementing and an 
INTA will be issued. During this cycle a RESTART or 
CALL instruction can be inserted to jump to the interrupt 
service routine. The INTR is enabled and disabled by 
software. It is disabled by Reset and immediately after an 
interrupt is accepted. 


INTA (Output) 


INTERRUPT ACKNOWLEDGE; is used instead of (and 
has the same timing as) RD during the Instruction cycle 
after an INTR is accepted. It can be used to activate the 
8259 Interrupt chip or some other interrupt port. 


RST 5.5 
RST 6.5 
RST 7.5 


(Inputs) 


RESTART INTERRUPTS; These three inputs have the 
same timing as INTR except they cause an internal 
RESTART to be automatically inserted. 


RST 7.5 — Highest Priority 
RST 6.5 
RST 5.5 — Lowest Priority 


The priority of these interrupts is ordered as shown above. 
These interrupts have a higher priority than the INTR. 


8085A 


TRAP (Input) 


Trap interrupt is a nonmaskable restart interrupt. It is 
recognized at the same time as INTR. It is unaffected by 
any mask or Interrupt Enable. It has the highest priority of 
any interrupt. 


RESET IN (Input) 


Reset sets the Program Counter to zero and resets the 
Interrupt Enable and HLDA flip-flops. None of the other 
flags or registers (except the instruction register) are 
affected. The CPU is held in the reset condition as long as 
Reset is applied. 


RESET OUT (Output) 


Indicates CPU is being reset. Can be used as a system 
RESET. The signal is synchronized to the processor clock. 


X,, Xo (Input) 
Crystal or R/C network connections to set the internal 
clock generator. X1 can also be an external clock input 


instead of acrystal. The input frequency is divided by 2 to 
give the internal operating frequency. 


CLK (Output) 

Clock Output for use as a system clock when a crystal or 
R/C network is used as an input to the CPU. The period of 
CLK is twice the X1, X2 input period. 


10/M (Output) 


|O/M indicates whether the Read/Write is to memory or 
1/O. Tri-stated during Hold and Halt modes. 


SID (Input) 


Serial input data line. The data on this line is loaded into 
accumulator bit 7 whenever a RIM instruction is executed. 


SOD (output) 


Serial output data line. The output SOD is set or reset as 
specified by the SIM instruction. 


Vcc 
+5 volt supply. 


Vss 
Ground Reference. 


FUNCTIONAL DESCRIPTION 


The 8085A is a complete 8-bit parallel central processor. It 
is designed with N-channel depletion loads and requires a 
single +5 volt supply. Its basic clock speed is 3 MHz thus 
improving on the present 8080’s performance with higher 
system speed. Also it is designed to fit into a minimum 
system of three IC’s: The CPU, a RAM/IO, and a ROM or 
PROM/IO chip. 


The 8085A uses a multiplexed Data Bus. The address is 
split between the higher 8-bit Address Bus and the lower 
8-bit Address/Data Bus. During the first cycle the address 
is sent out. The lower 8-bits are latched into the 
peripherals by the Address Latch Enable (ALE). During 
the rest of the machine cycle the Data Bus is used for 
memory or I/O data. 
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The 8085A provides RD, WR, and |O/Memory signals for 
bus control. An Interrupt Acknowledge signal (INTA) is 
also provided. Hold, Ready, and all Interrupts are 
synchronized. The 8085A also provides serial input data 
(SID) and serial output data (SOD) lines for simple serial 
interface. 


In addition to these features, the 8085A has three 
maskable, restart interrupts and one nonmaskable trap 
interrupt. 


8085A vs. 8080A 


The 8085A includes the following features on-chip in 
addition to all of the 8080A functions. 


Internal clock generator 

Clock output 

Fully synchronized Ready 

Schmitt action on RESET IN 
RESET OUT pin 

RD, WR, and |O/M Bus Control Signals 
Encoded Status information 

Multiplexed Address and Data 

Direct Restarts and nonmaskable Interrupt 
Serial Input/Output lines. 


-rFe spans p 


The internal clock generator requires an external crystal 
or R-C network. It will oscillate at twice the basic CPU 
operating frequency. A 50% duty cycle, two phase, 
nonoverlapping clock is generated from this oscillator 
internally and one phase of the clock (#2) is available as an 
external clock. The 8085A directly provides the external 
RDY synchronization previously provided by the 8224. 
The RESET IN input is provided with a Schmitt action 
input so that power-on reset only requires a resistor and 
capacitor. RESET OUT is provided for System RESET. 


The 8085A provides RD, WR and |O/M signals for Bus 
control. An INTA which was previously provided by the 
8228 in 8080 system is also included in 8085A. 


Status Information 

Status information is directly available from the 8085A. 
ALE serves as a status stobe. The status is partially 
encoded, and provides the user with advanced timing of 
the type of bus transfer being done. |O/M cycle status 
signal is provided directly also. Decoded So, S;carries the 
following status information: 


S1 So 
HALT 0. 0. 
WRITE 0 1 
READ 1 0 
FETCH 1 1 


S1 can be interpreted as R/W in all bus transfers. 


In the 8085A the 8 LSB of address are multiplexed with the 
data instead of status. The ALE line is used as a strobe to 
enter the lower half of the address into the memory or 
peripheral address latch. This also frees extra pins for 
expanded interrupt capability. 
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Interrupt and Serial I/O 


The 8085A has 5 interrupt inputs: INTR, RST 5.5, RST 6.5, 
RST 7.5, and TRAP. INTR is identical in function to the 
8080 INT. Each of three RESTART inputs, 5.5, 6.5, 7.5, has 
a programmable mask. TRAP is alsoaRESTART interrupt 
except it is non-maskable. 


The three RESTART interrupts cause the_ internal 
execution of RST (saving the program counter in the 
stack and branching to the RESTART address) if the 
interrupts are enabled and if the interrupt mask is not set. 
The nonmaskable TRAP causes the internal execution of 
a RST independent of the state of the interrupt enable or 
masks. 


Name RESTART Address (Hex) 
TRAP 2446 

RST 5.5 2Ci6 

RST 6.5 3446 

RST 7.5 3C 16 


There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high level-sensitive 
like INTR (and INT on the 8080) and are recognized with 
the same timing as INTR. RST 7.5 is rising edge-sensitive. 


CLK 


Ag-Ais 


AD —_ae =e = 


0-7 


(LOW ORDER 


DATA FROM 
ADDRESS) 


MEMORY 
(INSTRUCTION) 
ALE 


EXD 


DATA FROM MEMORY 
(1/0 PORT ADDRESS) 


For RST 7.5, only a pulse is required to set an internal flip 
flop which generates the internal interrupt request. The 
RST 7.5 request flip flop remains set until the request is 
serviced. Then it is reset automatically. This flip flop may 
also be reset by using the SIM instruction or by issuing a 
RESET IN to the 8085A. The RST 7.5 internal flip flop will 
be set by apulse ontheRST 7.5 pin even when theRST 7.5 
interrupt is masked out. 


The status of the three RST interrupt masks can only be 
affected by the SIM instruction and RESET IN. 


The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if more 
than one is pending as follows: TRAP - highest priority, 
RST 7.5, RST 6.5, RST 5.5, INTR - lowest priority. This 
priority scheme does not take into account the priority ofa 
routine that was started by a higher priority interrupt. RST 
5.5 can interruptaRST 7.5 routine if the interrupts were re- 
enabled before the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic errors such as 
power failure or bus error. The TRAP input is recognized 
just as any other interrupt but has the highest priority. Itis 
not affected by any flag or mask. The TRAP input is both 
edge and level sensitive. The TRAP input must go high and 


DATA TO MEMORY 
OR PERIPHERAL 


WR 
10/M 


STATUS 


» S1 So (FETCH) a 


10 (READ) 


( —totrean) | 01 WRITE > 11 


Figure 2. 8085A Basic System Timing 
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remain high to be acknowledged, but will not be 
recognized again until it goes low, then high again. This 
avoids any false triggering due to noise or logic glitches. 


The following diagram illustrates the TRAP interrupt 
request circuitry within the 8085A. 


INSIDE THE 


EXTERNAL aor 


TRAP 
INTERRUPT 
REQUEST 


RESET IN 


SCHMITT 
TRIGGER 


INTERRUPT 
REQUEST 


INTERNAL TRAP F.F. 


TRAP 
ACKNOWLEDGE 


Figure 3. 8085A Trap Interrupt Request Circuitry 


Note that the servicing of any interrupt (TRAP, RST 7.5, 
RST 6.5, RST 5.5, INTR) disables all future interrupts 
(except TRAPs) until an El instruction is executed. 


The TRAP interrupt is special in that it preserves the 
previous interrupt enable status. Performing the first RIM 
instruction following a TRAP interrupt allows you to 
determine whether interrupts were enabled or disabled 
prior to the TRAP. All subsequent RIM instructions 
provide current interrupt enable status. 


The serial 1/O system is also controlled by the RIM and 
SIM instructions. SID is read by RIM, and SIM sets the 
SOD data. 


Basic System Timing 


The 8085A has a multiplexed Data Bus. ALE is used as a 
strobe to sample the lower 8-bits of address on the Data 
Bus. Figure 2 shows an instruction fetch, memory read 
and I/O write cycle (OUT). Note that during the I/O write 
and read cycle that the I/O port address is copied on both 
the upper and lower half of the address. 


As in the 8080, the READY line is used to extend the read 
and write pulse lengths so that the 8085A can be used with 
slow memory. Hold causes the CPU to relinguish the bus 
when it is through with it by floating the Address and Data 
Buses. 


System Interface 


8085A family includes memory components, which are 
directly compatible to the 8085A CPU. For example, a 
system consisting of the three chips, 8085A, 8156, and 
8355 will have the following features: 


e 2K Bytes ROM 
e 256 Bytes RAM 
e 1 Timer/Counter 


4 8-bit |/O Ports 

1 6-bit |/O Port 

4 Interrupt Levels 

Serial In/Serial Out Ports 


This minimum system, using the standard I/O technique is 
as shown in Figure 3. 


In addition to standard I/O, the memory mapped I/O offers 
an efficient |/O addressing technique. With this technique, 
an area of memory address space is assigned for |/O 
address, thereby, using the memory address for |/O 


manipulation. Figure 4 shows the system configuration of 
Memory Mapped I/O using 8085A. 


The 8085A CPU can also interface with the standard 
memory that does not have the multiplexed address/data 
bus. It will require a simple 8212 (8-bit latch) as shown in 
Figure 5. 


RESET IN 
HOLD 


HLDA 


SID 


RESET = g 
ADDR/ ey. SUT 0 
DATA ALE RD WRIO/M_ RDY CLK 


r= a g 
m ! 


> O 


8355/8755A 


Figure 4. 8085A Minimum System (Standard I/O 
Technique) 
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MCS-80/85 


8085A 


8085A MINIMUM SYSTEM CONFIGURATION 


8085A 


Vec 
= A8- 10/ 
10/M 10 CE| iy CLK/RST| RDY 


8355 [ROM + 1/0] 
OR 


RESET IN WRIRD] ALE 


TIMER 
OUT 


8156 
(RAM, 1/0, COUNTER/TIMER) 


8755A [PROM + I/O] 


i. [| A Veg oe 


ADDR/ 
DATA ALE RD 


STANDARD 
MEMORY 


nc (CS) 


V2) 
co 
— 
oO 
oy 
i? p) 
© 
= 


1/O PORTS, 
CONTROLS 


STANDARD 
1/O 


ADDR 


Figure 6. MCS-85'™ System (Using Standard Memories) 
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Driving the X; and X2 Inputs 


The user may drive the X1 and X2 inputs of the 8085A witha 
crystal, an external clock source or an RC network as 
shown below. The driving frequency must be twice the 
desired internal operating frequency (the 8085A would 
require a 6MHz crystal for 3MHz internal operation). 


20pf 


PARALLEL RESONANT 
CRYSTAL (30pf LOADING) 


X2 


~ 1-6 MHz 
INPUT FREQUENCY 


The 20pF capacitors are required to guarantee oscillation 
at the proper frequency during system startup. 


A 3 MHz 


INPUT FREQUENCY 


20pf 


X2 


RC Mode causes a large drift in clock frequency because 
of the variation in on-chip timing generation parameters. 
Use of RC Mode should be limited to an application, which 
can tolerate a wide frequency variation. 


Figure 7. Driving the Clock Inputs (X; and Xz) of 8085A 


Generating the 8085A Wait State 


The following circuit may be used to insert one WAIT state 
in each 8085A machine cycle. 


The D flip flops should be chosen such that 
e CLK is rising edge triggered 
e CLEAR is low-level active. 


Figure 8. Generation of a Wait State for 8085A CPU 


X4 


25 TO 50% 
DUTY CYCLE 
AT 6 MHz 


X2 


1-6 MHz 
INPUT FREQUENCY 


*X2 LEFT FLOATING. 


+5V 


~6 MHz 
INPUT FREQUENCY 


NOTE: 
Duty cycle refers to the percentage of the clock input 
cycle when Xj is high. 


8085A 


CLK OUTPUT TO 


8085A 
READY 
INPUT 


ALE 


+5V 
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ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above thosé listed u 
Maximum Ratings’ may cause permanent.dame 
device. This is a stress rating only and functiona 


Ambient Temperature Under Bias......... 0°C to 70°C tion of the device at these or any other conditions : 
Storage Temperature.............. —65°C to +150°C those indicated in the operational sections of this speci 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum . 

With Respect to Ground............ —0.5 to +7V rating conditions for extended periods may affect device © 
Power Dissipation. ..............20008% 1.5 Watt reliability. 


D.C. CHARACTERISTICS 
(Ta =0°C to 70°C; Veg = 5V +5%; Veg = OV; unless otherwise specified) 


Symbot_[ Parameter [Min 
ViL Input Low Voltage | OB: | , 
VoL Output Low Voltage a 

lec Power Supply Current Ff tT mA 


TIMING CHARACTERISTICS 


Bus Timing Specification asa Tceyc Dependent 


Test Conditions 


ia — (1/2) T- 50 MIN 

‘yee — (1/2) T - 60 MIN 

tie — (1/2) T- 30 MIN 

tan  — «(5/2 +N) T- 225 MAX 

tap —  (3/2+N)T-180 MAX 

fant — (1/2) T -10 MIN 

ten — (1/2) T- 40 MIN 

al —  (3/2+N) T-60 MIN 

“ tugs — (1/2) T- 60 MIN 
= lee —  (3/2+N) T- 80 MIN 
d = — (1/2) T- 110 MIN 
= tary — (3/2) T - 260 MAX 
tuape —  (1/2)T+50 MAX 

Ca — (2/2) T- 50 MIN 

i; —~ (1/2) T- 40 MIN 

a, — (3/2) T - 80 MIN 

NOTE: N is equal to the total WAIT states. 
T=tcve. 
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A.C. CHARACTERISTICS (7, =0°C to 70°C; Veg = 5V +5%; Vgg = OV) 


Symbol eae! ae eae 


Toye 


Tac 
tups 
THDH 
Tins 


tINH 
NOTES: 


TV. 


oh WwW 


CLK sits Period | 320 | 2000 | ns | See notes %; Z 3 


CetktowTime SSCS~—~—wSCST 


CLK High Time 


CLK Rise and Fall Time 


Address Valid Before Trailing Edge of ALE 


Address Hold Time After ALE 


ALE Width 


ALE Low During CLK High 


Trailing Edge of ALE to Leading Edge of 


Control 


Address Float After Leading Edge of 


READ (INTA) 


Ce 
| 
poo | 
100 | 
po | 
|, 100 | 


Valid Address to Valid Data In 875 Tons 
READ (or INTA) to Valid Data | 300s 
Data Hold Time After READ (iNTA) ee ee ee 


Trailing Edge of READ to Re- Enabling 
merry Toy Address 


Address | Address (A8-A15) Valid After Control 5) Valid After Control 


a 


Data Valid to Trailing Edge of WRITE | 420 | fos 
Data Valid After Trailing Edge of WRITE | 100 | ots 


Width of Control Low | Width of Control Low (RD, WR, INTA) WR, INTA) 


Trailing ra of Control to Leading Edge 
aL ALE 


READY Valid READY Valid From Address Valid Address Valid 


READY Su Tne unig ape oT CLR | TO | 
TREADYHolTime SSS 
HILDA Vato Taina Bag oF LR YO] 
TBusFloatAferHUDA SSC 
THLDAte Bustrebie ——SSSCSC~dC“‘~‘“*rC Oe 
TALE to Vaid Dats in —SSSSCiSSSd at |e 


Control Trailing Edge to Leading Edge of 
Next Gaetan 


Address Valid to Leading | Address Valid to Leading Edge of Control | of Control 


HOLD cid Time to Trailing Edge of CLK ce 


INTR Setup Time to Falling Edge of CLK 
(M1, T1 <1 Also RST and TRAP 


FINTRHoldTime Hold Time 


A8-15 Address Specs apply to 10/M, SO and S1. 
. For all output timing where C, # 150pf use the following correction factors: 


25pf < Cy < 150pf: -.10 ns/pf 
150pf < Cy < 300pf: +.30 ns/pf 


T.E. = Trailing Edge 


. Output timings are measured with purely capacitive load. 
. All timings are measured at output voltage Vi = .8V, Vy = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 
. To calculate timing specifications at other values of Tcyc use the table in Table 2. 
. L.E. = Leading Edge 
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Toe Condi 


Teyc = 320ns; 


C, = 150 pF 


MCS-80/85 


8085A 


WAVEFORMS 


Figure 10. Clock Timing Waveform 


Read Operation 
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Figure 11. 8085A Bus Timing 
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Ty T; THoLo THoLD af 
CLK 
ou | 
thos tHDH tHack 
HLDA 
Figure 13. 8085A Hold Timing' 
| T | Tt | Ts | 1; | Ts | 15 | Toto | Ty | qt 
i 
A UJ 
8-15 a | 
AD Y, ; 
o7 YX CALL INST. 
BUS FLOATING* 
ALE | 
RD | 
INTA 
thaBE 
4] 
ii 
_ Hii} | Rt 2 
ve = 
tuos tuoH oe) 
” 
ro) 
HLDA eS = 
t t _ 
iain Ones *10/M IS ALSO FLOATING DURING THIS TIME 


Figure 14. 8085A Interrupt and Hold Timing 


11-53 


8085A 


INSTRUCTION SET 


Instruction Code{1] Clock(2} Instruction Codej!| Clock(2) 
Mnemonic Description D7 Dg O5 04 D3 Oz Dy Oo Cycles Mnemonic Description D7 D6 Ds D4 D3 O2 0; Do Cycles 
MOVE. LOAD. AND STORE CPE Call on parity even 1110 1 1 0 0 9/18 
MOVr1.r2 Move register toregistee 0 1000S S$ § 4 CPO Call on parity odd 111 00 1 0 0 = 9/18 
MOV M.r Move register tomemory 0 1110S S$ S§ 7 RETURN 
MOV r.M Move memory toregistee 0 10 00 1 1 0 7 RET Return 1100100 1~= «10 
MVI r Move immediate register 0 000 0 1 1 0 7 RC Return on carry 110 1 1 0 0 0 6/12 
MVIM Move immediate memory 0 0 1 1 0 1 1 0 10 RNC Return on no carry 1 10 1 0 0 0 0 6/12 
LXI B Load immediate register 0 00 0000 1 «10 RZ Return on zero 1 10 0 1 0 0 0 6/12 
PairB&C RNZ Return on no zero 1 10000 0 0 6/12 
LX! D Load immediate register 0 0 0 1 00 0 1 ~~ #10 RP Return on positive 1 1 1 1 0 0 0 0 6/12 
PairD&E RM Return on minus 114 1 1 0 0 0 6/12 
LXI H Load immediate register 0 0 10 00 0 1 10 RPE Return on parity even 111410 10 0 0 6/12 
PairH& L RPO Return on parity odd 11 1 0 0 0 0 0 6/12 
LXI SP Load immediate stack 8 601t 6€ 00 T 10 RESTART 
pointer 
STAX B Store A indirect 00000010 7 ial nestar ieee Fe 
STAX D Store A indirect 00010010 7 INPUT/QUTPUT 
LDAX B Load A indirect 00001010 7 IN Input Pro? ort 10 
LDAX D Load A indirect 00011010 7 OUT Output 1ro1oo0 7 1 10 
STA Store A direct 00110010 = 13 INCREMENT AND DECREMENT 
LDA Load A direct 0014114 10 1 0 ~~ °=«13 INR r Increment register 00000100 4 
SHLD Store H & L direct 00100010 1 DCR r Decrement register 00000101 4 
LHLD Load H & L direct 00101010 += «16 INR M Increment memory 0011 01 0 0 10 
XCHG ExchangeD&E.H&L 1740470 4 £ 4 DCR M Decrement memory 001101 0 1 10 
Registers INX B Increment B & C 0000001 1 6 
STACK OPS registers 
PUSH B Push register Pair B & 1100010 1~— 12 INX D Increment D & E 0001001 41 6 
C on stack registers 
PUSH D Push register Pair D & 110 101 0 41 12 INX H Increment H & L 0010001 1 6 
E on stack registers 
PUSH H Push register Pair H & 1 11 00 1 0 41 12 INX SP Increment stack pointer 0 0 1 10 01 4 6 
L on stack DCX B Decrement B & C 00001011 #6 
PUSH PSW Push A and Flags 1 11 1 01 0 1 12 DCX D Decrement D&E 000110141 6 
on stack DCX H Decrement H&L 00101011 6 
POP B Pop register Pair B & 1 100000 1 10 DCX SP Decrement stack 0011101 1 6 
C off stack pointer 
POP D Pop register Pair D & 17101710001 W ADD 
E off stack 
POP H Pop register Pair H & 11100 0 0 41 10 ADD r Add register to A 1O0 0 0585 ‘ 
L off stack ADC r Add register to A 10001585 $8 S§ 4 
POP PSW Pop A and Flags 11410001 10 en ane 
off stack ADD M Add memory to A 10000 1 1 0 7 
XTHL Exchange top of 11100011 16 ADC M Add memory to A 10001 1 1 0 7 
stack. H&L with carry 
SPHL H&Ltostack pointer 111110041 #6 ng Gee: IGEIANE 1G iA en 
JUMP ACI Add immediate to A 1100/1 10 F 
with carry 
JMP Jump unconditional 1 10000 1 1 ~~ «10 DAD B Add B&CtOH&L 00001001 «10 
af JC Jump on carry 1 10 1 1:0 1 0 7/10 DAD D Add D&EtOH&L 0001100 1 = 10 
S JNC Jump on no carry 11°01 00 1 0 7/10 DAD H Add H&LtoOH&L 00101001 = «10 
°° JZ Jump on zero 11°00 1 0 1 0 7/10 DAD SP Add stack pointer to 001110041 ~= «10 
re) JNZ Jump on no zero 1 08.0 O°O 1 O--7/0 H&L 
ms JP Jump on positive 1 1110 0 1 0 7/10 | SUBTRACT 
JM Jump on minus 1 1 4 141 141 0 1 0 7/10 SUB r Subtract register 1001085 8 § 4 
JPE Jump on parity even 1 41141 01 0 1 0 7/10 from A 
JPO Jump on parity odd 14476000 % O 7 SBB r Subtract register from i060 1't & § 6 4 
PCHL H&L to program 11101001 6 exits BETTE 
counter SUB M Subtract memory 1001011 0 7 
from A 
CALL SBB M Subtract memory from 1004/1 11 «0 7 
CALL Call unconditional 11001 10 1 ~~ «18 A with borrow 
cc Call on carry 110 1:1 1:0 0 9/18 SUI Subtract immediate 110101410 =7 
CNC Call on no carry 1 1010 1 0 0 = 9/18 from A 
CZ Call on zero 1 100 1 1 0 0 = 9/18 SBI Subtract immediate to? 8 75% 1-44 7 
CNZ Call on no zero 1100010 0 918 from A with borrow 
cP Call on positive 11 1 1 0 1 0 0 9/18 LOGICAL 
CM Call on minus 1 1 141 1 4 1 0 0 = 9/18 ANA And register with A 104310108 § § 4 
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Mnemonic 
XRA © 


ORAr 
CMP r 
ANAM 
XRA M 


ORAM 
CMP M 
ANI 
XRI 


ROTATE 
RLC 
RRC 


Description 


Exclusive Or register 
with A 


Or register with A 


Compare register with A 


And memory with A 


Exclusive Or memory 
with A 


Or memory with A 


Compare memory with A 


And immediate with A 


Exclusive Or immediate 


with A 
Or immediate with A 


Compare immediate 
with A 


Rotate A left 
Rotate A right 


07 


1 


oOo Oo 


Dg O5 Dy 


0 


Co Oo 


1 


oOo Oo 


0 


Co oO 


Instruction Code{1} 


D3 O2 0D, 


S 


= =— *M WN 


Do Cycles 
S 4 
S 4 
S 4 
0 7 
0 7 
0 7 
0 7 
0 7 
0 7 
0 7 
0 7 
1 4 
1 4 


8085A 


Clock(2] 


Mnemonic 
RAL 


RAR 


SPECIALS 
CMA 

STC 

CMC 

DAA 


CONTROL 
EI 


HLT 


Description 


Rotate A left through 
carry 


Rotate A right through 


carry 


Complement A 
Set carry 
Complement carry 
Decimal adjust A 


Enable Interrupts 
Disable Interrupt 
No-operation 
Halt 


NEW 8085A INSTRUCTIONS 


RIM 
SIM 


NOTES: 1. DDD or SSS: B-000, C 001.D 010. E 011. H 100. L 101. Memory 110. A 111. 
2. Two possible cycle times. (6/12) indicate instruction cycles ‘dependent on condition flags. 


“All mnemonics copyright 


©|ntel Corporation 1977 
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Read Interrupt Mask 
Set Interrupt Mask 


07 


oOo Oo O&O 


oo-_ — 


oOo Oo 


Instruction Code{1} 


Dg Os D4 03 D2 D, 


0 0 


oOo Oo O&O 
| 


a o> a es 
= Oo — — 


1 


o- -+ © 


= Oo — — 


0 


Sat at 


ooo — 


1 


ee ee ee 


- CO CO O&O 


1 


= Oo —_—_ — 


Clock(2] 

Do Cycles 
1 4 

] 4 

] 4 

] 4 

1 4 

1 4 

1 4 

1 4 

0 4 

0 5 

0 4 

0 4 


ye) 
eo 
re 
@ 
3 
tf 
Q 
= 


8085A 


= 
) 
a) 
co 
—) 
— 
fore) 
on 


Figure 15. 8085A Machine Cycle Chart 


Machine 
State 


Status & Buses 


1O/M =r 


0 = Logic ‘‘0” 
1 = Logic “1” 


STATUS CONTROL 

macnmecvere ara 8B 
| OPCODE FETCH (OF) 0 1 1} 0 1 1 
MEMORY READ (MR) 0 1 0; O 1 1 
MEMORY WRITE (MW) 0 O; t}.1 0 1 
1/0 READ (1OR) 1 1 0; O 1 1 
1/0 WRITE (lOW) 1 O; 1] 1 0 1 
ACKNOWLEDGE OF INTR (INA) 1 1 1] 1 1 0 
BUS IDLE (BI): DAD 0 1 0; 1 1 1 
ACK. OF RST,TRAP 1 1 1] 1 1 1 
HALT TS 0; O| TS | TS 1 


2) 
©) 
= 
= 
“=| 
I 


a 

> 
FE 

, Sad 

m 


oe ee > a = > ee, ST 


a 
* 


TS = High Impedance 
X = Unspecified 


* ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
t 10/M = 1 during T4-Tg of INA machine cycle. 


Figure 16. 8085A Machine State Chart 
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intel 
8085A-2 ee 


SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSOR 


= 0.8 us Instruction Cycle; 5 MHz ; = 4-Vectored Interrupts (One is Non- 
Internal Clock Maskable) 

a Single +5V Power Supply 

= 100% Software Compatible with a Serial In/Serial Out Port 
8080A 

= On-Chip Clock Generator (with a Decimal, Binary, and Double Precision 
External Crystal or RC Network) Arithmetic 

a On-Chip System Controller; Advanced - 
Cycle Status Information Available for = Direct Addressing Capability to 64K 
Large System Control Bytes of Memory 


The Intel® 8085A is a new generation, complete 8-bit parallel central processing unit (CPU). Its instruction set is 100% 
software compatible with the 8080A microprocessor, and it is designed to improve the present 8080’s performance by 
higher system speeds. Its high level of system integration allows a minimum system of three ICs: 8085A (CPU), 8156 
(RAM), and 8355/8755A (ROM/PROM). 


The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the 
8080, thereby offering a high level of system integration. 


The 8085A uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit data bus. The 
on-chip address latches of 8155/8355/8755 memory products allows a direct interface with 8085A. 


The 8085A-2 is a higher performance version of the 8085A. 


BLOCK DIAGRAM 


INTA RST6.5 TRAP 


ACCUMULATOR TEMP. REG. 
(8) (8) 


FLAG |) 
FLIP-FLOPS 


ARITHMETIC 
LOGIC 
UNIT 


REGISTER 
ARRAY 


Yo) 
oO 
~~ 
S 
7 
” 
oO 
= 


H (8) L (8) 
REG. REG. 
ENCODING (16) 
STACK POINTER 
POWER 


‘i +5V INCREMENTER/DECREMENTER 
SUPPLY | —» GND ADDRESS LATCH (16) 


TIMING AND CONTROL | | 


ADDRESS BUFFER ta) DATA/ADDRESS eurrer?) 


CONTROL STATUS DMA : 
y * ry | if: 
CLK OUT RD WR- ALE SgS; 10/M HLDA RESET OUT 


: Ai5-Ag AD7-ADo 
READY HOLD RESET IN ADDRESS BUS ADDRESS/DATA BUS 
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ABSOLUTE MAXIMUM RATINGS* 


8085A-2 


"COMMENT: Stresses above those listéd 
Maximum Ratings” may cause permanert.daa@ 
device. This is a stress rating only and funétiones 
tion of the device at these or any other conditien 
those indicated in the operational sections of thisspe¢ 
cation is not implied. Exposure to absolute maximyn 
rating conditions for extended periods may affect device, 


Ambient Temperature Under Bias......... 0°C to 70°C 
Storage Temperature-. wt. ..6. eee - —~65°C to +150 C 
Voltage on Any Pin 
With Respect to Ground............ — 0.5 to 7V 
Power Dissipation.......... oer er ey ee 1.5 Watt reliability. 


D.C. CHARACTERISTICS 
(Ta =0°C to 70°C; Vog = 5V +5%; Vg = OV; unless otherwise specified) 


Symbol 


Vit 
Vin 


[Parameter Min [Max | Units 
input tow vonage fas | toe |v 
Output Low Voltage | 0.45 
Output High Voltage Pd 
Power Supply Current 


a 
— 
Co 


ot 
2 
oO 


V 
V 
mA 
Input Leakage MA 
Output Leakage UA 
Input Low Level, RESET V 
Input High Level, RESET V 


Hysteresis, RESET 


4 
4 
ce 


40 VCC 

39 HOLD 

38 HLDA 

37 CLK (OUT) 
36 -J. RESET IN 


35 [1] READY 
34 10/M 
33 Sj 
320 RD 
gossA-2°'F WR 

1 30 ALE 
29 So 
28 A15 
27 A14 
26 A13 
25 A12 
24 A114 
23 A10 
22 Ag 
21 Ag 


Figure 1. 8085A-2 Pinout Diagram 
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Test Conditions 


lo, = 2mA 
Vin = Voc 


0.45V < Vout <Vec 


8085A-2 


A.C. CHARACTERISTICS (1, =0°Cto 70°C; Vg = 5V +5%: = = OV) 


teve | CLK Cycle Period 2000 


ne teee 
t2 CLK High Time - 50 | | ons 
m 2 Stee 
tAL Address Valid Before Trailing Edge of ALE 2+ — ns 


tLa Address Hold Time After ALE 
tLL ALE Width ns 
tLcK “ALE Low During CLK High 

tLe Trailing Edge of ALE to Leading Edge of Control 


”~” 


nm wn 


taFR Address Float After Leading Edge of READ (INTA) 


tap Valid Address to Valid Data In ma 


tap READ (or INTA) to Valid Data 150 

tRDH Data Hold Time After READ (INTA) 0 ae 

tRAE Trailing Edge of READ to Re-Enabling of Address | 80 tceyc = 200ns 
tca Address (A8-A15) Valid After Control 60 | | ons | C. = 150pF 
tpw Data Valid to Trailing Edge of WRITE | 230 | | ons 

ti Data Valid After Trailing Edge of WRITE 40 | | ons 

tec Width of Control Low (RD, WR, INTA) Ss 

teL Trailing Edge of Control to Leading Edge of ALE 


tary | READY Valid from Address Valid | 100 | ons | 
trys | READY Setup Time to Leading Edge of CLK 100 | | ons 


tuack | HLDA Valid to Trailing Edge of CLK 
tHABE Bus Float After HLDA 
tHABE HLDA to Bus Enable 


40 
a 
a 
try Control Trailing Edge to Leading Edge of Next Control 220 | 
15 
120 | 
0 


aa 
” 


=) 
n 


tac Address Valid to Leading Edge of Control 115 a 
tubs | HOLD Setup Time to Trailing Edge of CLK 120 | | 


a) 
n” 


— 
n” 


” 


tHDH HOLD Hold Time 
tins INTR Setup Time to Falling Edge of CLK (M1, T1 150 


DS 
” 


only); also RST and TRAP es 

ce 

Jp) 

© 

NOTES: 1. A8-A15 Address Specs apply to |0/M, SO, and $1. = 


» 


For all output timing where Cy # 150pF use the following correction factors: 
25pF <C, < 150pF: -0.10ns/pF 
150pF < Cy <300pF: +0.30ns/pF 


Output timings are measured with purely capacitive load. 


r 


All timings are measured at output voltage Vj = 0.8V, Vy = 2.0V, and 1.5V with 20ns rise and fall time on inputs. 


de 


To calculate timing specifications at other values of tcyc¢ use Table 2. 
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8085A-2 


Figure 2. Clock Timing Waveform 


Read Operation 


| q | "3 Twait T3 Ty 


Le— the —> 


Ag-Aus ( ADDRESS 


AD,-AD, 


ALE 


RD/INTA 


READY 


Write Operation 


| Le | T2 Twat T3 T; 


CLK 


V 
AsAis ADDRESS 


AD,-AD, X ADDRESS 


DATA OUT 


= 


Ye) 
es 
© 
2 
Ww 
©O 
= 


READY 


Figure 3. 8085A-2 Bus Timing 
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8085A-2 


Hold Operation 


2 T; THoto THoLD 


CLK 


HLDA 


BUS 


"HABE i 
| 


Figure 4. 8085A-2 Hold Timing 


Ko) 
Ag_ , 
8-15 a 


. BUS FLOATING* 


4] 
i 


UNH 


rou [iF \ 
wad 


HLDA 


tins 


INTA 7 
"HABE —be—e 


*10/M 1S ALSO FLOATING DURING THIS TIME. 


NOTE: THE 8085A DOES NOT FLOAT ALE. 


Figure 5. 8085A-2 Interrupt and Hold Timing 
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MACHINE CYCLE 


OPCODE FETCH 
MEMORY READ 
MEMORY WRITE 
1/0 READ 
1/O WRITE 


ACKNOWLEDGE OF INTR_ (INA) 

(BI): DAD 
ACK. OF RST,TRAP 
HALT 


BUS IDLE 


8085A-2 


(OF) 
(MR) 
(MW) 
(1OR) 
(lOW) 


@) 
2 
= 
BS) 
Oo 
r 


or OoOf- - O- Oo — 


4 
1o2) 


Figure 6. 8085A-2 Machine Cycle Chart 


1 


Machine 
State 


— 
»! 


TRESET 
THALT 


> © ee © ee 2 es 2 ©) 


THOLD 


0 = Logic *‘0” TS = High Impedance 
1 = Logic “1” X = Unspecified 


* ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
t 10/M = 1 during Tg-Tg of INA machine cycle. 


Figure 7. 8085A-2 Machine State Chart 
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intel 
8155/8156 


2048-BIT STATIC MOS RAM WITH I/O PORTS 


AND TIMER 
*Directly Compatible with 8080A and 8048 CPU 


a 256 Words x 8 Bits a 1 Programmable 6-Bit !/O Port 

= Single +5V Power Supply a al 14-Bit Binary Counter/ 
imer 

a Completely Static Operation = Multiplexed Address and Data Bus 


a 40-Pin DIP 


= Chip Enable Active High (8156) or Low 
a 2 Programmable 8-Bit I/O Ports (8155) 


a Internal Address Latch 


The Intel® 8155 and 8156 are RAM and I/O chips to be used in the MCS-85™ and MCS-48™ microcomputer systems. 
Th RAM portion is designed with 2K-bit static cells organized as 256 x 8. They have maximum access times of 400 ns 
to permit use with no wait system in an 8085A system. 


The I/O portion consists of 3 general purpose I/O ports. One of the 3 ports can be programmed to be status pins, thus 
allowing the other 2 ports to operate in handshake mode. 


A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal count pulse 
for the CPU system. It operates in binary countdown mode, and its timer modes are programmable. 


PIN CONFIGURATION BLOCK DIAGRAM 


TIMER IN 


256 X 8 
STATIC 
RAM 


10/M 


1 
2 
3 
4 
5 
6 
7 
8 
9 


PB~7 


R PB, 
ALE PB, RD 3 
AD PB 4 
AD, PA; PCo~s 2 
AD, PAs RESET 
AD, PAs 
AD, PA, | 
AD, PA, Vec (+5V) 
AD, PA, TIMER OUT Vgg (OV) 
AD, PA, 
Vss PAy 


* : 8155 = CE, 8156=CE 
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8155/8156 


PIN DESCRIPTION 
The following describes the functions of all of the 8155/8156 pins. 


Symbol 


RESET 


ADo-7 


CE or CE 


ALE 


10/M 


Function 


The Reset signal is a pulse provided 
by the 8085 to initialize the system. 
Input high on this line resets the chip 
and initializes the three I/O ports to 
input mode. The width of RESET 
pulse should typically be 600 nsec. 
(Two 8085A clock cycle times). 
These are 3-state Address/Data lines 
that interface with the CPU lower 8- 
bit Address/Data Bus. The 68-bit 
address is latched into the address 
latch on the falling edge of the ALE. 
The address can be either for the 
memory section or the I/O section 
depending on the polarity of the |O/M 
input signal. The 8-bit data is either 
written into the chip or Read from the 
chip depending on the status of 
WRITE or READ input signal. 


Chip Enable: On the 8155, this pin is 
CE and is ACTIVE LOW. On the 8156, 
this pin is CE and is ACTIVE HIGH. 


Input low on this line with the Chip 
Enable active enables the ADo-7 
buffers. If |O/M pin is low, the RAM 
content will be read outto the AD bus. 
Otherwise the content of the selected 
1/O port will be read to the AD bus. 


Input low on this line with the Chip 
Enable active causes the data on the 
AD lines to be written to the RAM or 
1/O ports depending on the polarity of 
|O/M. 


Address Latch Enable: This control 
signal latches both the address on the 
ADo-7 lines and the state of the Chip 
Enable and |O/M into the chip at the 
falling edge of ALE. 


1O/Memory Select: This line selects 
the memory if low and selects the IO if 
high. 


Symbol 
PAo-7(8) 


PBo.7(8) 


PCo-5(6) 


TIMER IN 


TIMER OUT 
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Function 


These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the Command/ 
Status Register. 


These 8 pins are general purpose I/O 
pins. The in/out direction is selected 
by programming the Command/ 
Status Register. 


These 6 pins can function as either 
input port, output port, or as control 
signals for PA and PB. Programming 
is done through the C/S Register. 
When PCo-5 are used as control 
signals, they will provide the follow- 
ing: 

PCO — A INTR (Port A Interrupt) 
PC1 — A BF (Port A Buffer full) 


PC2 — A STB (Port A Strobe) 


PC3 — B INTR (Port B Interrupt) 
PC4 — B BF (Port B Buffer Full) 
PC5 — B STB (Port B Strobe) 


This is the input to the counter timer. 


This pin is the timer output. This 
Output can be either a square wave or 
a pulse depending on the timer mode. 


+5 volt supply. 


Ground Reference. 


8155/8156 


OPERATIONAL DESCRIPTION 


The 8155/8156 includes the following operational The 8-bit address on the AD lines, the Chip Enable input, 
features: and lO/M are all latched on chip at the falling edge of ALE. 
e 2K Bit Static RAM organized as 256 x 8 A low on the |O/M must be provided to select the memory 
e Two 8-bit I/O ports (PA & PB) and one 6-bit I/O port section. 
(PC) 


® 14-bit down counter 


The I/O portion contains four registers (Command/ 
Status, PAo-7, PBo-7, PCo-5). The !O0/M (lO/Memory 
Select) pin selects the I/O or the memory (RAM) portion. 
Detailed descriptions of memory, I/O ports and timer 
functions will follow. 


— Ao i sg 
lie Jf ssi 


De® 
/\ /\ 


ALE 


NOTE: FOR DETAILED TIMING DIAGRAM INFORMATION, SEE FIGURE 7 AND A.C. CHARACTERISTICS. 


Figure 1. Memory Read/Write Cycle 


wn 
oO 
~™ 
3S 
oc 
n 
eS) 
= 
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8155/8156 


PROGRAMMING OF THE COMMAND/ 
STATUS REGISTER 


The command register consists of eight latches one for 
each bit. Four bits (0-3) define the mode of the ports, two 
bits (4-5) enable or disable the interrupt from port C when 
it acts as control port, and the last two bits (6-7) are forthe 
timer. 


The C/S register contents can be altered at any time by 
using the !/O address XXXXX000 during a WRITE 
operation. The meaning of each bit of the command byte 
is defined as follows: 


DEFINES PAg7 
0 = INPUT 


DEFINES PBo.7 PS Sore 


I 


00 = ALT 1 

11= ALT 2 
DEFINES PCo5 01= ALT 3 

10 = ALT 4 
ENABLE PORT A 
INTERRUPT 1 = ENABLE 
ENABLE PORT B 0 = DISABLE 


INTERRUPT 


NOP — DO NOT AFFECT COUNTER 
OPERATION 


STOP — NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 
RUNNING 


STOP AFTER TC — STOP IMMEDIATELY 
AFTER PRESENT TC 1S REACHED (NOP 
iF TIMER HAS NOT STARTED) 


START — LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 

IS REACHED. 


TIMER COMMAND 


Figure 2. Command/Status Register Bit Assignments 
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READING THE COMMANDISTATUS 
REGISTER 


The status register consists of seven latches one for each 
bit; six (0-5) for the status of the ports and one (6) for the 
status of the timer. 


The status of the timer and the |/O section can be polled by 
reading the C/S Register (Address XXXXX000). Status 
word format is shown below: 


AD7 ADg ADs ADg AD AD2 AD; ADg 


pd INTE] B JINTRIINTE INTR 
Til 
SN ~— B | BF B A A 


PORT A INTERRUPT REQUEST 


PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT A INTERRUPT ENABLE 
PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT B INTERRUPT ENABLED 


TIMER INTERRUPT (THIS BIT 
IS LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER OR STARTING 
NEW COUNT.) 


Figure 3. Command/Status Register Status Word 
Format 


8155/8156 


INPUT/OUTPUT SECTION 


The I/O section of the 8155/8156 consists of four registers 
as described below. 


e Command/Status Register (C/S) — This register is 
assigned the address XXXXX000. The C/S address 
serves the dual purpose. 


When the C/S register is selected during WRITE 
operation, a command is written into the command 
register. The contents of this register are not 
accessible through the pins. 


When the C/S (XXXXX000) is selected during a READ 
operation, the status information of the I/O ports and 
the timer become available on the ADo-7 lines. 


e PA Register — This register can be programmed to be 
either input or output ports depending on the 
status of the contents of the C/S Register. Also 


The following diagram shows how I/O ports A and B are 
structured within the 8155 and 8156: 


8155/8156 
ONE BIT OF PORT A OR PORT B 


OUTPUT 
D LATCH 


CLK CLR 
OUTPUT 


ENABLE 


MODE(4) 


INTERNAL DATA BUS 


READ PORT 


depending on the command, this port can operate in NOTES: oT8 

: . eat (1) OUTPUT MODE (4) =1FOR OUTPUT MODE 
either the basic mode or the strobed mode (See timing (2) SIMPLE INPUT eee <Q FOR INPUT WOLKE 
diagram). The I/O pins assigned in relation to this (3) STROBED INPUT 


register are PAg.7. The address of this register is 
XXXXX001. 


e PB Register — This register functions the same as PA 
Register. The |/O pins assigned are PByp.7. The address 
of this register is XXXXX010. 


e PC Register — This register has the address XXXXX011 
and contains only 6-bits. The 6-bits can be program- 
med to be either input ports, output ports or as control 
signals for PA and PB by properly programming the 
AD» and ADs3 bits of the C/S register. 


When PCo-5 is used as a control port, 3-bits are 
assigned for Port A and 3 for Port B. The first bit is an 
interrupt that the 8155 sends out. The second is an 
Output signal indicating whether the buffer is full or 

“empty, and the third is an input pin to accept a strobe 
for the strobed input mode. See Table 1. 


When the ‘C’ port is programmed to either ALT3 or ALT4, 
the control signals for PA and PB are initialized as follows: 


CONTROL INPUT MODE OUTPUT MODE 
BF 


Low Low 
INTR Low High 
STB Input Control Input Control 


Table 1. Table of Port Control Assignment 


Output Port 
Output Port 
Output Port 
Output Port 
Output Port 
Output Port 


Input Port 
Input Port 
Input Port 
Input Port 
Input Port 
Input Port 


A INTR (Port A Interrupt) 
A BF (Port A Buffer Full) 
A STB (Port A Strobe) 
Output Port 
Output Port 
Output Port 


READ PORT = (10/M=1) ¢ (RD=0) e (CE ACTIVE) e (PORT ADDRESS SELECTED) 
WRITE PORT = (10/M=1) ¢ (WR=0) e (CE ACTIVE) e (PORT ADDRESS SELECTED) 


Note in the diagram that when the I/O ports are 
programmed to be output ports, the contents of the output 
ports can still be read by a READ operation when 
appropriately addressed. 


Note also that the output latch is cleared when the port 
enters the input mode. The output latch cannot be loaded 
by writing to the port if the port is in the input mode. The 
result is that each time a port mode is changed from input 
to output, the output pins will go low. When the 8155/56 is 
RESET, the output latches are all cleared and all 3 ports 
enter the input mode. 


When in the ALT 1 or ALT 2 modes, the bits of PORT C are 
structured like the diagram above in the simple input or 
output mode, respectively. 


Reading from an input port with nothing connected to the 
pins will provide unpredictable results. 


A INTR (Port A Interrupt) 
A BF (Port A Buffer Full) 
A STB (Port A Strobe) 
B INTR (Port B Interrupt) 
B BF (Port B Buffer Full) 
B STB (Port B Strobe) 


The set and reset of INTR and BF with respect to STB, WR and RD timing is shown in Figure 8. 


To summarize, the registers assignments are: ["“aaaress [pinouts] Functions [Woof Bil 


wo 
oO 
=, 
S 
of 
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XXXXX000 | Internal | Command/Status Register 

XXXXX001 PAO-7 | General Purpose I/O Port 

General Purpose I/O Port 

General Purpose |/O Port or 
Control Lines 


XXXXX010 | PBO-7 
XXXXX011 | PCo-5 
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8155/8156 


TIMER SECTION 


The timer is a 14-bit down counter that counts the ‘timer 
input’ pulses and provides either a square wave or pulse 
when terminal count (TC) is reached. 


The timer has the I/O address XXXXX100 for the low order 
byte of the register and the I/O address XXXXX101 for the 
high order byte of the register. 


To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the timer 
addresses. Bits 0-13 will specify the length of the next 
count and bits 14-15 will specify the timer output mode. 
The value loaded into the count length register can have 
any value from 2H through 3FFFH in Bits 0-13. 


There are four modes to choose from: 


0. Puts out low during second half of count. 

1. Square wave 

2. Single pulse upon TC being reached 

3. Repetitive single pulse everytime TC is readied and 
automatic reload of counter upon TC being reached, until 
instructed to stop by a new command loaded into C/S. 


Bits 6-7 of Command/Status Register Contents are used 
to start and stop the counter. There are four commands to 
choose from: 


Note: See the further description on Command/Status 
Register. 


C/S7 C/S6 
NOP — Do not affect counter operation. 


0 1 STOP — NOP if timer has not started; stop 
counting if the timer is running. 


1 0 STOP AFTER TC — Stop immediately after 
present TC is reached (NOP if timer has not 
started) 

1 1 START — Load mode and CNT length and 


start immediately after loading (if timer is 
not presently running). If timer is running, 
start the new mode and CNT length 
immediately after present TC is reached. 
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CAC 


Lean 


TIMER MODE 


ER ONRE (ERE 


LSB OF CNT LENGTH 


MSB OF CNT LENGTH 


Figure 4. Timer Format 


M2 M1 defines the timer mode as follows: 


M2 M1 
0 Puts out low during second half of 
count. 

0 1 Square wave, i.e., the period of the 
square wave equals the count 
length programmed with auto- 
matic reload at terminal count. 

1 0 Single pulse upon TC being 


reached. 
Automatic reload, i.e., single pulse 
everytime TC is reached. 


Note: In case of an asymmetric count, i.e. 9, larger half of 
the count will be high, the larger count will stay active as 
shown in Figure 5. 


—_ 5 
|r 


Note: 5 and 4 refer to the number of clock cycles in that 
time period. 


Figure 5. Asymmetric Count 


The counter in the 8155 is not initialized to any particular 
mode or count when hardware RESET occurs, but RESET 
does stop the counting. Therefore, counting cannot begin 
following RESET untila START command is issued via the 
C/S register. 


8155/8156 


8085A MINIMUM SYSTEM 
CONFIGURATION 

Figure shows that aminimum system is possible using only 
three chips: 


256 Bytes RAM 
2K Bytes ROM 
38 I/O Pins 

1 Interval Timer 
4 Interrupt Levels 


= 
a 
a ae ee ee ee ae ote de 
(ae ee ee ee eee Pd 
PReseroury; | | | TT ET Pp | tT 
EROS dd bo Le Le 
Vec 
RESET a ALE 10/M fen CE . ALE CLKIRST| RDY 
. TT. 
Pe eae 


= z LATCHES 
TIMER TIMER 


OUT 8355 [ROM + 1/0] 
a CONTROL OR 
‘ 256 x 8 8755A [PROM + 1/0] 
RAM 
| PB | | PA | 


Figure 6. 8085 Minimum System Configuration 
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8155/8156 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ................ 0°C to +70°C 
Storage Temperature ............... “65°C to +150°C 
Voltage on Any Pin 

With RespecttoGround ............... -0.3V to +7V 
Power Dissipation ...cscenccvteeescereesvoasese 1.5W 


*COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


D.C. CHARACTERISTICS (Ta, =0°C to 70°C; Voc = 5V + 5%) 


ViL Input Low Voltage 


TEST CONDITIONS 


VoL lo. = 2mA 


Chip Enable Leakage 
8155 
8156 


+ 
ro) 
ro) 
= 

> 


Vin = Vec to OV 
0.45V <Vout <Vec 


Vin = Vec to OV’ 


zs 
oO 
i) 
= 
> 
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A.C. CHARACTERISTICS. (Ta = 0°C to 70°C; Voc = 5V + 5%) 


SYMBOL | PARAMETER 


taL Address to Latch Set Up Time 
tla Address Hold Time after Latch 


MAX. 


tic Latch to READ/WRITE Control 
trp Valid Data Out Delay from READ Control 


0 
00 


7 


oO 


— 


twp WRITE to Port Output 
tpr Port Input Setup Time 7 
trp Port Input Hold Time 


tsBF Strobe to Buffer Full 
tss Strobe Width 2 


tRBE READ to Buffer Empty 

ts} Strobe to INTR On 

troi READ to INTR Off 

tpss Port Setup Time to Strobe Strobe 


tpHs Port Hold Time After Strobe 120 
tsBE Strobe to Buffer Empty 


twer WRITE to Buffer Full 

twi WRITE to INTR Off 

tT TIMER-IN to TIMER-OUT Low 
tTH TIMER-IN to TIMER-OUT High 


tRpDE Data Bus Enable from READ Control 


Note: For Timer input Specification, see Figure 10. 
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TEST CONDITIONS 


150 pF Load 
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WAVEFORMS 


Read Cycle 


2) 


E (8155) 
OR 


CE (8156) 


mo NOY 


eee tap 


AD, 7 ADDRESS (KX oatavauio | _patavauio | VALID 


<«—— ty, —y Ww — tly» ——~ 
ALE 


>< 


t,, > ‘RDF 
RD 
a “orn ea Tee 
‘og ——————*| * trv 
Write Cycle 


2) 


E (8155) he. 


10/M | 


\/ 
x £\ 


TF ene a ee gy — te 


uD 
Cc 
~~ 
© 
48 
ws 
©O 
= 


<—— tt, ——> tic —— jms two —-—~ 


Figure 7. 8155/8156 Read/Write Timing Diagrams 
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8155/8156 


Strobed Input Mode 


BF 


STROBE 


INTR 


INPUT DATA 
FROM PORT 


Strobed Output Mode 


BF 


STROBE 
twee ——*+ 


INTR 


OUTPUT DATA 
TO PORT 


Figure 8. Strobed I/O Timing 
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8155/8156 


Basic Input Mode 


INPUT 


DATA BUS* 


Basic Output Mode 


DATA BUS* 


OUTPUT 


*DATA BUS TIMING IS SHOWN IN FIGURE 7. 


Figure 9. Basic I/O Timing Diagram 


LOAD COUNTER FROM CLR md RELOAD COUNTER FROM CLR —+» 
| 2 | 1 5 4 | 3 | 2 | 1 5 | 
t; t2 }~«— 
TIMER IN 
tr 4 
tcyc 
TIMER OUT \ 4 
= = a eae J 
tTL tTH 
TIMER OUT \ more? / 
(SQUARE WAVE) \ / 
_—= ewe eee eee eee eee eee eee al 
tTL tTH 


NOTE 1: THE TIMER OUTPUT IS PERIODIC IF IN AN AUTOMATIC COUNTDOWN FROM 5 TO 1 
RELOAD MODE (M1 MODE BIT = 1) 


tcyc 320 nsec MIN. 
try AND ts 30 nsec MAX. 
ty 80 nsec MIN. 
t2 120 nsec MIN. 
trLANDttyH 400 nsec MAX. 


Figure 10. Timer Output Waveform 
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APPLICATION EXAMPLES 


+5V GND 


Vcc Vpp Vss 


15 1/0 


+5V GND 


22 1/0 


*EA =5V FOR 8035 ig 


CAN BE SUPPLIED BY SYSTEM — RESET TIMER 
RESET OR PORT LINE OF 8048 OUT 


TIMER 


Lo 
co 
a 
oS 
seg 
ww 
© 
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Figure 11. 8048 Interface to 8155 
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intel 


8202 


DYNAMIC RAM CONTROLLER 


@ Provides All Signals Necessary to iz 


Control 2104A, 2116, or 2117 Dynamic 


Memories in 
= Directly Addresses and Drives Up to 64K e 


Bytes Without External Drivers 


@ Provides Address Multiplexing i 


and Strobes 


m@ Provides a Refresh Timer and a & 


Refresh Counter 


m Refresh Cycles May be Internally or ig 


Externally Requested 


Provides High Speed Refresh/Memory 
Access Request Arbitration 


Provides Transparent Refresh Capability 


Fully Compatible with Intel® 8080A and 
8085A Microprocessors 


Decodes 8085A Status for Advanced 
Read Capability 


Provides System Acknowledge and 
Transfer Acknowledge Signals 


Internal or External Clock Capability 


The 8202 is a Dynamic RAM System Controller designed to provide all signals necessary to use 2104A, 2116, or 2117 
Dynamic RAMs in microcomputer systems. The 8202 provides multiplexed addresses and address strobes, as well as 
refresh/access arbitration. Refresh cycles can be started internally or externally. 


PIN CONFIGURATION 


Pes = 


REFRQ/ALE 
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REFRESH 
COUNTER 


Bo SS WE 


8202 BLOCK DIAGRAM 


MULTIPLEXER OUTo 6 


8/0 CAS 


RASo 

TIMING ——— 

ARBITER AND RAS, 
CONTROL RAS 

RAS3 

XACK 

REFRESH ee 
TIMER SACK 


OSCILLATOR 


intel 
8355 


16,384-BIT ROM WITH I/O PORTS 
@ Directly Compatible with 8085A and 8048 CPU 


a 2048 Words x 8 Bits = Each I/O Port Line Individually 
Programmable as Input or Output 


a Single +5V Power Supply 


= Internal Address Latch = Multiplexed Address and Data Bus 


= 2 General Purpose 8-Bit I/O Ports = 40-Pin DIP 


The Intel® 8355 is a ROM and I/O chip to be used in the MCS-85™ and MCS-48™ microcomputer systems. The ROM 
portion is organized as 2048 words by 8 bits. It has a maximum access time of 400 ns to permit use with no wait states 
in the 8085A CPU. 


The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is indivdu- 
ally programmable as input or output. 


PIN CONFIGURATION BLOCK DIAGRAM 
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8355 


PIN DESCRIPTION 


Symbol 
ALE 


ADo-7 


1O/M 


Function 


When ALE (Address Latch Enable) is 
high, ADg-7, |O/M, Ag-19, CE, and CE 
enter address latched. The signals 
(AD, |O/M, Ag-10, CE, CE) are latched 
in at the trailing edge of ALE. 


Bi-directional Address/Data bus. The 
lower 8-bits of the ROM or |/O 
address are applied to the bus lines 
when ALE is high. 


During an |/O cycle, Port A or B are 
selected based on the latched value of 
ADo. If RD or IOR is low when latched 
Chip Enables are active, the output 
buffers present data on the bus. 


These are the high order bits of the 
ROM address. They do not affect I/O 
operations. 


Chip Enable Inputs: CE is active low 
and CE is active high. The 8355 can be 
accessed only when BOTH Chip 
Enables are active at the time the ALE 
signal latches them up. If either Chip 
Enable input is not active, the ADo-7 
and READY outputs will be in a high 
impedance state. 


If the latched 1O/M is high when RD is 
low, the output data comes from an 
I/O port. If it is low the output data 
comes from the ROM. 


If the latched Chip Enables are active 
when RD goes low, the ADo-7 output 
buffers are enabled and output either 
the selected ROM location or I/O 
port. When both RD and /OR are high, 
the ADop-7 output buffers are tri- 
stated. 


If the latched Chip Enables are active, 
a low on l|OW causes the output port 
pointed to by the latched value of ADo 
to be written with the data on ADo.7. 
The state of |O/M is ignored. 
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Symbol 
CLK 


READY 


PAo.7 


PB0-7 


RESET 


Function 


The CLK is used to force the READY 
into its high impedance state after it 
has been forced low by CE low, CE 
high and ALE high. 


Ready is a tri-state output controlled 
by CE, CE, ALE and CLK. READY is 
forced low when the Chip Enables are 
active during the time ALE is high, 
and remains low until the rising edge 
of the next CLK (see Figure 4). 


These are general purpose I/O pins. 
Their input/output direction is deter- 
mined by the contents of Data 
Direction Register (DDR). Port A is 
selected for write operations when 
the Chip Enables are active and [OW 
is low and a O was previously latched 
from ADo. 


Read operation is selected by IOR low 
when the Chip is enabled and ADo 
low. 


Alternately, |O/M high and RD low 
may be used in place of |OR when the 
chip is enabled and ADg is low to 
allow reading from a port. 


This general purpose 1|/O port is 
identical to Port A except that it is 
selected by a 1 latched from ADo. 


An input high on RESET causes all 
pins in Ports A and B to assume input 
mode. 


When the Chip Enables are active, a 
low on IOR will output the selected 
1/O port onto the AD bus. IOR low 
performs the same function as the 
combination |O/M high and RD low. 


+5 volt supply. 
0 volt supply. 


8355 


FUNCTIONAL DESCRIPTION 
ROM Section 


The ROM section of the chip is addressed by an 11-bit 
address and the Chip Enables. The address and levels on 
the Chip Enable pins are latched into the address latches 
on the falling edge of ALE. If the latched Chip Enables are 
active and IO/M is low when RD goes low, the contents of 
the ROM location addressed by the latched address are 
put out through ADo-7 output buffers. 


1/O Section 


The I/O section of the chip is addressed by the latched 
value of ADop-_;. Two 8-bit Data Direction Registers in 8355 
determine the input/output status of each pin in the 
corresponding ports. A O specifies an input mode, anda 1 
specifies an output mode. The table summarizes port and 
DDR designation. DDR’s cannot be read. 


Port A Data Direction Register (DDR A) 
Port B Data Direction Register (DDR B) 


When IOW goes low and the Chip Enables are active, the 
data on the ADo.-7 is written into 1/O port selected by the 
latched value of ADo-}. 


During this operation all I/O bits of the selected port are 
affected, regardless of their |/O mode and the state of 
|O/M. The actual output level does not change until |OW 
returns high (glitch free output). 


A port can be read out when the latched Chip Enables are 
active and either RD goes low with|O/M high, or OR goes 
low. Both input and output mode bits of a selected port will 
appear on lines ADo.7. 


To clarify the function of the I/O ports and Data Direc- 
tion Registers, Figure 1 shows the configuration of one 
bit of PORT A and DDR A. The same logic applies to 
PORT B and DDR B. 


ONE BIT OF PORT A AND DDR A: 


OUTPUT 
LATCH 
D Q 


OUTPUT 
ENABLE 


INTERNAL DATA BUS 


RESET 


WRITE DDRA 


READ PA 


WRITE PA = (10W=0) « (CHIP ENABLES ACTIVE) @ (PORT A ADDRESS SELECTED) 
WRITE DDR A = (10W=0) e (CHIP ENABLES ACTIVE) e (DDR A ADDRESS SELECTED) 
READ PA = { [(10/M=1) e (RD=0)] + (I1OR=0) } e (CHIP ENABLES ACTIVE) e (PORT A ADDRESS SELECTED) 


Figure 1. 8355 Block Diagram Showing One Bit of Port 
A and DDRA 
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Note that hardware RESET or writing a zero to the DDR 
latch will cause the output latch’s output buffer to be 
disabled, preventing the data in the output latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Output 
Buffer has been disabled. This enables a port to be 
initialized with a value prior to enabling the output. 


The diagram also shows that the contents of PORT A and 
PORT B can be read even when the ports are configured 
as outputs. 


System Interface with 8085A 


A system using the 8355 can use either one of the two I/O 
Interface techniques: 


e Memory Mapped I/O 
e Standard I/O 


lf amemory mapped |/O approach is used the 8355 will be 
selected by the combination of both the Chip Enables and 
|O/M using the ADg-15 address lines. See Figure 2. 


If a standard I/O technique is used, the system can use 
the feature of both CE and CE. By using a combination 
of unused address lines Aj;_15 and the Chip Enable 
inputs, the 8085A system can use up to 5 each 8335’s 
without requiring a CE decoder. See Figure 3. 


CLK ($2) 


As-10 RD CLK 10/M 
ALE OW READY CE 


8355 


Figure 2. 8355 in 8085A System (Memory Mapped I/O) 
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MCS-80/85 


ALE OW READY CE ALE OW READY CE ALE i0OW READY CE 


8355 8355 8355 8355 
(2K BYTES) (2K BYTES) (2K BYTES) (2K BYTES) 


Note: Use CE for the first 8355 in the system, and CE for the other 8355's. Permits up to 5 ea. 8355's ina 
system without CE decoder. 


Figure 3. 8355 in 8085A System (Standard IO) 


ALE jOW READY 


8355 
(2K BYTES) 


CE 
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8355 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 


Maximum Ratings’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Temperature UnderBias ................ 0°C to +70°C tion of the device at these or any other conditions above 
StorageTemperature ............... -65°C. to +150°C those indicated in the operational sections of this specifi- 
Voltage on Any Pin cation is not implied. Exposure to absolute maximum 

With RespecttoGround ............... -0.3V to +7V rating conditions for extended periods may affect device 
Power Dissipation ..........c cece es ccecervaces 1.5W reliability. 


D.C. CHARACTERISTICS (t, =0°C to 70°C; Vee = 5V + 5%) 


Vin = Vec to OV 
0.45V <Vout SVecc 


pS 


SYMBOL| PARAMETER = |_—soMIN._—| MAX. TEST CONDITIONS 
he | tut eakage 
Output Leakage Curent 
LPevsipniv Garment | 


Ne Input Leakage L 10 
lLo Output Leakage Current ee +10 


lec Vec Supply Current 


=. 


A.C. CHARACTERISTICS } (tT, =0°C to 70°C; Veg = 5V + 5%) 


tap Address Stable to Data Out Valid 150 pF Load 
4. Latch Enable Width 


tRDF Data Bus Float after READ 


SYMBOL /PARAMETER = assi(itsi‘“‘~‘s;*s*s~SC*rSCOMIN. MAX. UNITS TEST CONDITIONS 
tcyc Clock Cycle Time 
7 CLK Pulse Width | 80 | CLoap = 150 pF 
Ts CLK Pulse Width 
te, ty CLK Rise and Fall Time ff 
taL Address to Latch Set Up Time | 50 | 
tLa Address Hold Time after Latch go | 
the Latch to READ/WRITE Control 100. | 
trp Valid Data Out Delay from READ Control Ld 
- 
| 100 | 
za 
| 20 


teve READY HOLD TIME 
tany ADDRESS (CE) to READY 


teL READ/WRITE Control to Latch Enable 
tec READ/WRITE Control Width 250 ve 
tow Data In to WRITE Set Up Time | 150. | 50 EI 
ivi Data In Hold Time After WRITE z 
twp WRITE to Port Output | 
tpr Port Input Set Up Time | 50 | 
trp Port Input Hold Time | 560 

/ 0 | 

a 


trv Recovery Time between Controls 300 


NO 
7) 
—= 
~~ 
So © 
nn 


tRDE Data Out Delay from READ Control 
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8355 


WAVEFORMS 


Figure 4. Clock Specification for 8355 


AD,.7 


(CE =1)°¢ 
(CE = 0) 


( ADDRESS 


tap ——_____- 
( ADDRESS -— K DATA 


Figure 5. ROM Read and I/O Read and Write 
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8355 


CLK 


- tay, ——> 


(CE=1) « (CE=0) fl 
ALE 


READY = — — — = 


= tary =e j*— 'tRYH 


Figure 6. Wait State Timing (READY 5 0) 


A. INPUT MODE 


B. OUTPUT MODE 


1lOwW 


GLITCH FREE 


a OUTPUT 


PORT 
OUTPUT 


DATA* 
BUS 


*DATA BUS TIMING IS SHOWN IN FIGURE 3. 
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Figure 7. I/O Port Timing 
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intel 


8755A 
16,384-BIT EPROM WITH I/O PORTS 
®@ Directly Compatible with 8085A and 8048 CPU 


ew 2048 Words x 8 Bits = 2 General Purpose 8-Bit I/O Ports 


= Single +5V Power Supply (Vcc) e# Each I/O Port Line Individually 
Programmable as Input or Output 
a U.V. Erasable and Electrically 


Reprogrammable = Multiplexed Address and Data Bus 


a Internal Address Latch w 40-Pin DIP 


The Intel® 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 
MCS-85™ and MCS-48™ microcomputer systems. The PROM portion is organized as 2048 words by 8 bits. It has a 
maximum access time of 400 ns to permit use with no wait states in an 8085A CPU. 


The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line is individu- 
ally programmable as input or output. 


PIN CONFIGURATION BLOCK DIAGRAM 


PROG AND CE[]1 40 1) Vcc 
cE[}2 39 [J PB, 
cLK [] 3 38 [) PB, 
RESET [] 4 37 [PBs 
Von Cf 5 36 [-) PB, 
READY [] 6 35 [_] PB; 
10/M (4 7 34 [] PB, 
ior (J 8 33 [J PB, 
RD C}9 32 [_] PBy 
iow CJ 10 31 JPA, 
ALE (411 30 (JPA, 
AD [] 12 29 [J PAs 
AD, [4 13 28 [JPA, 
AD, [J 27 []PA3 
AD; (] 26 [J PA, 
AD, 25 TPA, 
ADs 24 [_] PA 
6 Y ato an | | Ly (+5V) 
AD, 221A, Se 
Ves 21, As Vpop Vgg (OV) 
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PIN DESCRIPTION 


Symbol 
ALE 


ADo-.7 


As-10 


CE/PROG 
CE 


lO/M 


CLK 


READY 


PAo.7 


Function 


When Address Latch Enable is high, 
ADo-7, |O/M, Ag-10, CE, and CE enter 
the address latches. The signals (AD, 
1O/M, Ag-109, CE) are latched in at the 
trailing edge of ALE. 


Bi-directional Address/Data bus. The 
lower 8-bits of the PROM or 1|/O 
address are applied to the bus lines 
when ALE is high. 


‘ During an I/O cycle, Port A or B are 


selected based on the latched value of 
ADo. If RD or TOR is low when the 
latched Chip Enables are active, the 
output buffers present data on the 
bus. 


These are the high order bits of the 
PROM address. They do not affect 
|/O operations. 


CHIP ENABLE INPUTS: CE is active 
low and CE is active high. Both chip 
enables must be active to permit 
accessing the PROM. CE is also used 
as a programming pin (seesectionon 
programming). 


If the latched |O/M is high when RD is 
low, the output data comes from an 
1/O port. If it is low the output data 
comes from the PROM. 


If the latched Chip Enables are active 
when RD goes low, the ADg.7 output 
buffers are enabled and output either 
the selected PROM location or I/O 
port. When bothRD andIOR are high, 
the ADg-7 Output buffers are tri- 
stated. 


lf the latched Chip Enables are active, 
a low on IOW causes the output port 
pointed to by the latched value of ADo 
to be written with the data on ADo-7. 
The state of |O/M is ignored. 


The CLK is used to force the READY 
into its high impedance state after it 
has been forced low by CE low, CE 
high, and ALE high. 


READY is a 3-state output controlled 
by CE, CE, ALE and CLK. READY is 
forced low when the Chip Enables are 
active during the time ALE is high, 
and remains low until the rising edge 
of the next CLK (see Figure 2.). 


These are general purpose I/O pins. 
Their input/output direction is deter- 
mined by the contents of Data 
Direction Register (DDR). Port A is 
selected for write operations when 
the Chip Enables are active and |OW 
is low and a O was previously latched 
from ADo. 
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Read operation is selected by either 
IOR low and active Chip Enables and 
ADg low, or |O/M high, RD low, active 
Chip Enables, and ADg low. 

This general purpose I/O port is 


identical to Port A except that it is 
selected by a 1 latched from ADo. 


PBo-7 


RESET In normal operation, an input high on 
RESET causes all pins in Ports A and 
B to assume input mode (clear DDR 


register). 


lIOR When the Chip Enables are active, a 
low on IOR will output the selected 
|/O port onto the AD bus. IOR low 
performs the same function as the 
combination of 10/M high and RD 
low. When IOR is not used in a 
system, IOR should be tied to Voc 
‘ion ion © 

+5 volt supply. 

Ground Reference. 


Vpp is a programming voltage, and it 
is normally tied to +5V. 


For programming, a high voltage is 
supplied with Vpp, = 25V, typical. 


FUNCTIONAL DESCRIPTION 
PROM Section 


The 8755A contains an 8-bit address latch which allows it 
to interface directly to MCS-48 and MCS-85 Microcom- 
puters without additional hardware. 


The PROM section of the chip is addressed by the 11-bit 
address and CE. The address, CE and CE are latched into 
the address latches on the falling edge of ALE. If the 
latched Chip Enables are active and IO/M is low when RD 
goes low, the contents of the PROM location addressed by 
the latched address are put out on the ADo-7 lines. 


1/O Section 


The I/O section of the chip is addressed by the latched 
value of ADop.3. Two 8-bit Data Direction Registers 
determine the input/output status of each pin in the 
corresponding port. A 0 specifies an input mode, and a 1 
specifies an output mode. The table summarizes port and 
DDR designation. Contents of the DDR’s cannot be read. 


AD; ADg_ Selection 
0 O PortA 
0 1 Port B 
1 0 ~=6 Port A Data Direction Register (DDR A) 
1 1 Port B Data Direction Register (DDR B) 
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When lOW goes low and the Chip Enables are active, the 
data on the AD is written into I/O port selected by the 
latched value of ADop.1. During this operation all I/O bits of 
the selected port are affected, regardless of their |/O mode 
and the state of 1O/M. The actual output level does not 
change until IOW returns high. (glitch free output). 


A port can be read out when the latched Chip Enables are 
active and either RD goes low with !O/M high, or |OR goes 
low. Both input and output mode bits of aselected port will 
appear on lines ADo-7. 


To clarify the function of the I/O Ports and Data Direction 
Registers, the following diagram shows the configuration 
of one bit of PORT Aand DDRA. The same logic applies to 
PORT B and DDR B. 


8755A 
ONE BIT OF PORT A AND DDR A: 


OUTPUT 


| 
D LATCH 
CLK 
OUTPUT 
ENABLE | 
S WRITE PA | 
a | 
z 
= DDR | 
G|Po LATCH | 
= D Q 
< PAg 
2 CLR CLK PIN 
4 
Ww 
2 RESET | 
WRITE DDR A | 
| 
| 
Lad | 


READ PA 


WRITE PA = (iOW=0) @ (CHIP ENABLES ACTIVE) @ (PORT A ADDRESS SELECTED) 
WRITE DOR A = (10W=0) e (CHIP ENABLES ACTIVE) # (DDR A ADDRESS SELECTED) 
READ PA = { [(10/M=1) e (RD=0)] + (JOR=0)} © (CHIP ENABLES ACTIVE) e (PORT A ADDRESS SELECTED) 


Figure 1. 8755A: One Bit of Port A and DDRA 


Note that hardware RESET or writing a zero to the DDR 
latch will Cause the output latch’s output buffer to be 
disabled, preventing the data in the Output Latch from 
being passed through to the pin. This is equivalent to 
putting the port in the input mode. Note also that the data 
can be written to the Output Latch even though the Output 
Buffer has been disabled. This enables a port to be 
initialized with a value prior to enabling the output. 


The diagram also shows that the contents of PORT A and 
PORT Bcan be read even when the ports are configured 
as outputs. 


Table 1. 8755/8755A Programming Module Cross 


Reference 
MODULE NAME USE WITH WILL PROGRAM 
UPP 855 UPP" 8755 
UPP 955 UPP 8755A 
UPP UP1%) UPP 955 8755 
UPP UP2') UPP 855 8755A 
PROMPT" 875 PROMPT 80/85'2? 8755 
PROMPT 975 PROMPT 80/85 8755A 
PROMPT 475 PROMPT 48°) 8755A 


NOTES: 1. Intel’s Universal PROM Programmer module, described on p. 13-71 of 


the Intel 1977 Data Catalog. 
2. Deecribad on p. 13-39 of 1978 Data Catalog. 


3. Described on p. 13-34 of 1978 Data Catalog. 
4. Special adaptor socket. 


Erasure Characteristics 


The erasure characteristics of the 8755A are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain types of 
fluorescent lamps have wavelengths in the 3000-4000A 
range. Data show that constant exposure to room level 
flourescent lighting could erase the typical 8755A in 
approximately 3 years while it would take approximately 1 
week to cause erasure when exposed to direct sunlight. If 
the 8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque labels are 
available from Intel which should be placed over the 8755 
window to prevent unintentional erasure. 


The recommended erasure procedure (see page 3-55) for 
the 8755A is exposure to shortwave ultraviolet light which 
has a wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity X exposure time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure time 
with this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000UW/cm2 power rating. The 
8755A should be placed within one inch from the lamp 
tubes during erasure. Some lamps have a filter on their 
tubes and this filter should be removed before erasure. 


Programming 


Initially, and after each erasure, all bits of the EPROM 
portions of the 8755A are in the “1” state. Information is 
introduced by selectively programming “O” into the 
desired bit locations. A programmed “0” can only be 
changed to a “1” by UV erasure. 


The 8755A can be programmed on the Intel® Universal 
PROM Programmer (UPP), and the PROMPT™ 80/85 and 
PROMPT-48™ design aids. The appropriate programming 
modules and adapters for use in programming both 
8755A’s and 8755’s are shown in the table below. 


The program mode itself consists of programming a 
single address at a time, giving a single 50 msec pulse 
for every address. Generally, it is desirable to have a 
verify cycle after a program cycle for the same address 
as shown in the attached timing diagram. In the verify 
cycle (i.e., normal memory read cycle) ‘Vpp should be at 
0 volts for the 8755, but for 8755A it should be Vcc 
(+ 5V). Except for the Vpp level during the read cycle, 
the 8755 and 8755A are functionally identical. 


Preliminary timing diagrams and parameter values per- 
taining to the 8755/8755A programming operation are 
contained on pp. 11-91 and 11-92. 
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8755A 


SYSTEM APPLICATIONS 


RD CLK 10/M 
ALE jOW READY CE 
* 


Ag io 


8755A 


*USE CE FOR FIRST 8755A IN SYSTEM, AND CE FOR OTHERS. 
BY CONNECTING CE OF EACH 8755A CHIP TO EACH OF Aj, 
THROUGH Ajs5, THE MINIMUM SYSTEM CAN USE 5-8755A’s 
(10K BYTES) WITHOUT REQUIRING CE DECODER. 


Figure 2. 8755A in 8085A System (Standard |/O) 


TEST 1/0 
INPUTS 


Figure 4. Interface to MCS-48™ Microcomputers 
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READY 
10/M 
Vec 


RD CLK  10/M 
ALE (OW READY CE 


Agito 


8755A 


Figure 3. 8755A in 8085A System (Memory Mapped I/O) 


System Interface with 8048 


The 8755A contains an 8-bit address latch which allows 
it to interface directly to MCS-48™ microcomputers 
without additional hardware (Figure 4). Program memory 
is accessed by applying 11 bits of address to the Ap-A4o 
inputs and a low level on the IO/M and CE inputs, then 
latching these inputs with ALE. The CE input serves to 
select one of several possible 8755A’s in a system and 
the |O/M signal indicates that a subsequent read opera- 
tion will be from program memory. While ALE is high the 
Ao-Aj40; 1O/M, and CE inputs are allowed into the 8755A 
and when ALE is brought low, these inputs are latched. 
If the latched conditions indicate that_a program 
memory fetch is to occur, a low level on RD will cause 
the data to be outputted on the data bus. 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias -10°C to +70°C 


oe eee eee eevee ee 


*COMMENT: Stresses above those liste 4une 


é, ‘Absolute 
Maximum Ratings” may cause permanent damage t@ the 
device. This is a stress rating only and funetion 


# 


tion of the device at these or any other conditigns.ab 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum, 


Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin 
With RespecttoGround ............... -0.5V to +7V 
POWOr DIGSIDANION oo ccs cdenascecascceestevauness 1.5W reliability. 


D.C. CHARACTERISTICS. (Ta = 0°C to 70°C; Voc = 5V + 5%) 


rating conditions for extended periods may affect device 


Ty [CLK Putewath ——SSSCS~—~—tCSCiS 
Tz [CLK Puke wath ———SSSCS~Ct | 
cau Ades to Latch Set Up Tine ——=« |S 
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TEST CONDITIONS 


CLoap = 150 pF 
(See Figure 3) 


150 pF Load: 


8755A 


WAVEFORMS 


Figure 5. Clock Specification for 8755A 


ADDRESS 


DATA Nes ee: aes se ADDRESS 


ADo7 4 ADDRESS 


taL tLa 
(PROG)/CE 


teL 


—<——_—_—_—_—_—_—_—_—_—_——_- try 


Ye) 
— 
S 
ee 
Jp) 
S) 
= 


Figure 6. PROM Read, I/O Read and Write Timing 


Please note that CE1 must remain low for the entire cycle. 


This is due to the fact that the programming enable 
function common to this pin will disrupt internal data bus 
levels if CE1 is taken high during the read. 
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8755A 


Input Mode A. INPUT MODE 


Output Mode B. OUTPUT MODE 


lOw 


GLITCH FREE 


a. OUTPUT 


PORT 
OUTPUT 


DATA* 
BUS 


*DATA BUS TIMING IS SHOWN IN FIGURE 6. 


Figure 7. I/O Port Timing 


CLK 


ta ——> tLcK \ 


- 
ALE 


Ww 
co 
~ 
© 
ri 
wm 
© 
= 


—< tary — —= tryn 


Figure 8. Wait State Timing (READY = 0) 
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D.C. SPECIFICATION FOR PROGRAMMING 
(Ta =0°C to 70°C; Voc = 5V +5%; Veg = OV) 


| PARAMETER | _min. | TyP._| MAX. | 


Programming Voltage 24 25 26 
(during write to EPROM) 


[roe Sunntv Curent | «iY | 


SYMBOL 


A.C.SPECIFICATION FOR PROGRAMMING 
(Ta =0°C to 70°C; Voc = 5V +5%; Vgg = OV) 
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MCS-80/85 
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8755A 


WAVEFORMS 


FUNCTION | PIN NO. 
PROGRAM CYCLE VERIFY CYCLE*=—————"" = 
ALE 11 / \ / \ 


DATA TO BE . 
A/Dop_7 | 12-19 ADDRESS ( PROGRAMMED x ) ADDRESS 


‘PD =— 


wlna| XX XX 
a) 2 WY 


PROGRAM 
CYCLE 


PROG/CE 1 


*VERIFY CYCLE IS A REGULAR MEMORY READ CYCLE (WITH Vpp = +5V FOR 8755A, Vop = OV FOR 8755.) 


Figure 10. 8755/8755A Program Mode Timing Diagram 
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INTRODUCTION 


MICROPROCESSOR PERIPHERALS 


Intel peripherals greatly enhance the 8080, the 8085, and many other microcomputers. These peripherals can signifi- 
cantly reduce development time, operating software, package count, board space, and parts costs while improving 
performance and increasing throughput in microcomputer systems. This section contains the most up-to-date data 
about Intel peripherals now available. 
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8041/8741 
UNIVERSAL PERIPHERAL INTERFACE 
8-BIT MICROCOMPUTER 


a Fully Compatible with MCS-80™ and a Pin Compatible ROM and EPROM 
MCS-48™ Microprocessor Families Versions 
= Single Level Interrupt =» 1K x 8 ROM/EPROM, 64 x 8 RAM, 18 
= 8-Bit CPU plus ROM, RAM, I/O, Timer Programmable I/O Pins 
and Clock in a Single Package a Asynchronous Data Register for 
a Single 5V Supply Interface to Master Processor 
= Alternative to Custom LSI = Expandable I/O 


The Intel® 8041/8741 is a general purpose, programmable interface device designed for use with a variety of 8-bit 
microprocessor systems. It contains a low cost microcomputer with program memory, data memory, 8-bit CPU, I/O ports, 
timer/counter, and clock in asingle 40-pin package. Interface registers are included to enable the UPI device to function as 
a peripheral controller in MCS-80™, MCS-85™, MCS-48™, and other 8-bit systems. 


The UPI-41™ has 1K words of program memory and 64 words of data memory on-chip. To allow full user flexibility the 
program memory is available as ROM in the 8041 version or as UV-erasable EPROM in the 8741 version. The 8741 andthe 
8041 are fully pin compatible for easy transition from prototype to production level designs. 


The device has two 8-bit, TTL compatible |/O ports and two test inputs. Individual port lines can function as either inputs or 
outputs under software control. |/O can be expanded with the 8243 device which is directly compatible and has 161/O lines. 
An 8-bit programmable timer/counter is included in the UPI device for generating timing sequences or counting external 
inputs. Additional UPI features include: single 5V supply, low power standby mode (in the 8041), single-step mode for 
debug(in the 8741), single level interrupt, and dual working register banks. 


Because it’s a complete microcomputer, the UPI provides more flexibility for the designer than conventional LSI interface 
devices. It is designed to be an efficient controller as well as an arithmetic processor. Applications include keyboard 
scanning, printer control, display ainalennr and similar functions which involve interfacing peripheral devices to 
rnicroprocessor systems. 


PIN CONFIGURATION BLOCK DIAGRAM 


INTERNAL 
BUS 


PORT 1 


BUS Pio- 
BUFFER Paz 


| DATA 


i MEMORY 


REG BANK 1 RESIDENT 


DATA BUS 
BUFFER 
REGISTER 


OECODE 


x 
RAM ARRAY 
MASTER 
SYSTEM 
INTERFACE 


REG. BANK 0 


MULTIPLEXER 
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5 
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PERIPHERAL 
CONTROL INTERFACE 
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PROGRAM 


MEMORY CONDITIONAL 
BRANCH 


LOGIC 


10 BIT 
Vopp ——————> _ PROM PROGRAM SUPPLY bROGHAM 
POWER 4 Vog —————> +5 SUPPLY COUNTER 
FLAGS 
Vss ——————* GROUND am 


event COUNTER 
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8041/8741 


ABSOLUTE MAXIMUM RATINGS* "COMMENT: Stresses above those listed under “Absolute 

Maximum Ratings” may cause permanent damage to the 

Ambient Temperature UnderBias ........ o°C to 70°C device. This is a stress rating only and functional opera- 

Storage TEMpPerawinre io Sacccn vane sas -65°C to +150°C tion of the device at these or any other conditions above 

Voltage on Any Pin With those indicated in the operational sections of this specifi- 

RespecttoGround .............. cee eeee 0.5Vto+7V cation is not implied. Exposure to absolute maximum 
POWErDISSIDENON <s.sccccasnesnasesansveswes 1.5 Watt 


rating conditions for extended periods may affect device 


D.C. AND OPERATING CHARACTERISTICS = “/25//'tv. 
Ta = 0°C to 70°C, Voc = Vpp = +5V +5%, Vgg = OV 


a 
3 
=> 
wn 


mM] ho ro) 
ALA tn 


Symbol Parameter | Typ. | Max. | Test Conditions 
VIL Input Low Voltage (All 
Except X1, X2) 
VIH Input High Voltage (All 2.0 Vcc 
Except X1, X2 RESET) 
ViIH2 Input High Voltage (X1, 3.0 Vcc 
RESET) 
VOL Output Low Voltage (Do-D7, 0.45 lol = 2.0 mA 
Sync) 
VoL2 Output Low Voltage (All 0.45 lol = 1.6 mA 
Other Outputs Except Prog) 
VOH Output High Voltage (Do-D7) 4 lon = —400 pA 
VOH1 Output High Voltage (All lon =-50 uA 


Other Outputs) 


lie Input Leakage Current 
(To, T1, RD, WR, CS, Ao, EA) 


lOL Output Leakage Current 
(Do-D7, High Z State) 


lDD Vpp Supply Current 


Vss < Vin < Voc 


Vss + 0.45 < Vin <= Voc 


I+ 
oO 


lcc + Ipp | Total Supply Current 


VOL3 Output Low Voltage (Prog) VJlot = 1.0 mA 


loi Low Input Source Current 
Pi9-P17 P2o-P27 


lLi2 Low Input Source Current 


Lr oie A | Vit = 0.8V 
0.2 Vit = 0.8V 
A.C. CHARACTERISTICS 


Ta = 0°C to 70°C, Voc = Vop = +5V +5%, Vss = 0 
DBB Read: 


Symbol Parameter Test Conditions 


| Min. | 


: 
N 
FP 
—_ 
fo] 
So 
F~ 
—_ 


| Max. | 

g GS, Ag Hold After AD 1 ot 
a: RD Pulse Width 200 | | toy = 2.5 us 

3 370 


| Min. | 
| 250 
, Ap to Data Out Delay ee ae 
a 

1 


t Recovery Time Between Reads 1 
i And/Or Write 


oO” 
o 
al | Sl Bl 
as > 
O 
se) 
5a) 
» 
Tl 
ro} 
» 
ws) 
@O 
& 
3 
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6 MHz Crystal 


8041/8741 


DBB Write: 


Test Conditions 


taw CS, Ao Setup to WR 4 
twa CS, Ag Hold After WR t | 30 f 


a WR Pulse Width toy = 2.5 us 
tow | Data Setup to WR t D250 || 150 | 
two Data Hold After WR t | 30] | 0] 
A.C. TEST CONDITIONS 
D7-Dg Outputs R_ = 2.2k to Vss 
4.3k to Vec 
CL = 100 pF 
WAVEFORMS 
Read Operation — Data Bus Buffer Register 
(SYSTEM'S 
ADDRESS BUS) 
(READ CONTROL) 
enya CE = ont vat 
Write Operation — Data Bus Buffer Register 
ES OF Ao SD aREaS BUS Sz 


(WRITE CONTROL) 


DATA BUS DATA DATA 
(INPUT) MAY CHANGE ( DATA WARIO =) MAY CHANGE 
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PIN DESCRIPTION 


Signal 
Do-D7 


P10-P17 


P20-P27 


To, 11 


X1, X2 


SYNC 


EA 


PROG 


RESET 


Vss 


Description 


Three-state, bi-directional, DATA BUS 
BUFFER lines used to interface the UPI-41 
to an 8-bit master system data bus. 


8-bit, PORT 1, quasi-bi-directional |/O 
lines. 
8-bit, PORT 2, quasi-bi-directional 1l/O 
lines 


The lower 4-bits (P20-P23) interface directly 
to the 8243 |1/O expander device and con- 
tain address and data information during 
PORT 4-7 access. 


1/O write input which enables the master 
CPU to write data and command words to 
the UPI-41 DATA BUS BUFFER. 


\/O read input which enables the master 
CPU to read data and status words from the 
DATA BUS BUFFER or status register. 


Chip select input used to select one UPI-41 
out of several connected to a common data 
bus. 


Address input used by the master proces- 
sor to indicate whether byte transfer is data 
or command. 


Input pins which can be directly tested 
using conditional branch instructions. 


Tz also functions as the event timer input 
(under software control). 

Tg is used during PROM programming and 
verification in the 8741. 


Inputs for a crystal, LC or an external tim- 
ing signal to determine the internal oscil- 


lator frequency. 

Output signal which occurs once per UPI- 
41 instruction cycle. SYNC can be used asa 
strobe for external circuitry; it is also used 
to synchronize single step operation. 


External access input which allows emula- 
tion, testing and PROM/ROM verification. 
Multifunction pin used as the program 
pulse input during PROM programming. 
During |/O expander access the PROG pin 
acts as an address/data strobe to the 8243. 
Input used to reset status flip-flops and to 
set the program counter to zero. 

RESET is also used during PROM program- 
ming and verification. 

Single step input used in the 8741 in 
conjunction with the SYNC output to step 
the program through each instruction. 
+5V power supply pin. 


+5V during normal operation.Programming 
supply pin during PROM programming. Low 
power standby pin in ROM version. 

Circuit ground potential. 


UPI INSTRUCTION SET 


Mnemonic Description 
ACCUMULATOR 

ADD A,Rr Add register to A 

ADD A,@Rr Add data memory to A 

ADD A,#data Add immediate to A 

ADDC A,Rr Add immed. to A with carry 
ADDC A,@Rr Add immed. to A with carry 
ADDC A,#data Add immed. to A with carry 
ANL A,Rr AND register to A 

ANL A,@Rr AND data memory to A 

ANL A,#data AND immediate to A 

ORL A,Rr OR register to A 

ORL A,@Rr OR data memory to A 

ORL A,#data OR immediate to A 

XRL A,Rr Exclusive OR register to A 
XRL A,@Rr Exclusive OR data memory to A 
XRL A.#data Exclusive OR immediate to A 
INCA Increment A 

DEC A Decrement A 

CLRA Clear A 

CPLA Complement A 

DAA Decimal Adjust A 

SWAP A Swap digits of A 

RL A Rotate A left 

RLC A Rotate A left through carry 
RR A Rotate A right 

RRC A Rotate A right through carry 
INPUT/OUTPUT 

IN A,Pp Input port to A 

OUTL Pp,A Output A to port 


ANL Pp,#data 
ORL Pp,#data 


AND immediate to port 
OR immediate to port 


IN A,DBB Input DBB to A, clear IBF 

OUT DBB.A Output A to DBB, set OBF 
~MOVD A,Pp Input Expander port to A 

MOVD Pp.A Output A to Expander port 

ANLD Pp,A AND A to Expander port 

ORLD Pp.A OR A to Expander port 

DATA MOVES 

MOV A,Rr Move register to A 

MOV A,@Rr Move data memory to A 

MOV A,#data Move immediate to A 

MOV Rr,A Move A to register 

MOV @Rr,A Move A to data memory 
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MOV Rr,#data Move immediate to register 
MOV @Rr,#data Move immediate to data memory 


MOV A,PSW Move PSW to A 

MOV PSW.A Move A to PSW 

XCH A.Rr Exchange A and register 

XCH A,@Rr Exchange A and data memory 
XCHD A,@Rr —_ Exchange digit of A and register 
MOVP A,@A Move to A from current page 
MOVP3, A@A_ Move to A from page 3 


TIMER/COUNTER 


MOV A,T Read Timer/Counter 

MOV T.A Load Timer/Counter 

STRT T Start Timer 

STRT CNT Start Counter 

STOP TCNT Stop Timer/Counter 

EN TCNTI Enable Timer/Counter Interrupt 
DIS TCNTI Disable Timer/Counter Interrupt 


mea eke sk ss ss =k OD — =’ AO St Oe AO St St PO oS S| PO 


on an eh aly eek: ek PR TA and, ok 
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Bytes Cycles 
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SS ee ae 


Mnemonic Description 
CONTROL 

EN | Enable IBF Interrupt 
DIS | Disable IBF Interrupt 
SEL RBO Select register bank 0 
SEL RB1 Select register bank 1 
NOP No Operation 
REGISTERS 

INC Rr Increment register 
INC @Rr Increment data memory 
DEC Rr Decrement register 
SUBROUTINE 

CALL addr Jump to subroutine 
RET Return 

RETR Return and restore status 
FLAGS 

CLRC Clear Carry 

CPL C Complement Carry 
CLR FO Clear Flag 0 

CPL FO Complement Flag 0 
APPLICATIONS 


DBo-3 


10/M 
A14 
Ais 
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Bytes Cycles 
1 1 
1 1 
1 1 
1 | 
| 1 
1 1 
1 1 
1 1 
2 2 
1 2 
1 2 
1 1 
1 1 
1 1 
1 | 

Dio-3 
DOo-3 


Figure 1. Recommended 8741 Interface to an 8085 System 


Figure 2. 8041-8243 Keyboard Scanner 


PORT 2 PROG 


DATA BUS 


CONTROL BUS 


KEYBOARD 
MATRIX 
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CONTROL 
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CLR F1 Clear F1 Flag | 
CPL F1 Complement F1 Flag 1 
BRANCH 
JMP addr Jump unconditional 2 
JMPP @A Jump indirect 1 
DJNZ R.addr Decrement register and skip 2 
JC addr Jump on Carry = 1 2 
JNC addr Jump on Carry = 0 2 
JZ addr Jump on A Zero 2 
JNZ addr Jump on A not Zero 2 
JTO addr Jump on T0 = 1 2 
JNTO addr Jump on T0=0 2 
JT1 addr Jump on T1 = 1 2 
JNT1 addr Jump on T1 =0 2 
JFO addr Jump on FO Flag = 1 2 
JF1 addr Jump on Fi Flag = 1 2 
JTF addr Jump on Timer Flag = 1, Clear Flag 2 
JNIBF addr Jump on IBF Flag = 0 2 
JOBF addr Jump on OBF Flag = 1 2 
JBb addr Jump on Accumulator Bit 2 
6 MHz 20 pF 
19 poet AL Okrargys ial 
D7 33 
PORTIK 6 _) 
PERIPHERAL 
CONTROL 
INTERFACE 
(STROBE) 
* THE 8041 DOES NOT REQUIRE 
8216 BUS DRIVERS 
DOT MATRIX PRINTER 
FORM 
PRINT L.F. HOLD SOLENOIDS 
0] 3) — 
31 9] 3! 
MOTOR Oo] og a SOLENOID 
z| 9} & 
gr) 2 
= 7OR9 
PORT 2 PORT 2 PORT 1/PORT 2 
8041/8741 
DBB CONTROL 
DATA BUS Hy 


CONTROL BUS 


Figure 3. 8041 Matrix Printer Interface 
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PROGRAMMING, VERIFYING, AND The program/verify sequence is: 
ERASING THE 8748 EPROM 1. Vpbp = 5V, clock applied or internal oscillator 


Programming/Verification 


In brief, the programming process consists of: activat- 
ing the program mode, applying an address, latching the 
address, applying data, and applying a programming 
pulse. Each word is programmed completely before 
moving on to the next and is followed by a verification 
step. The following is a list of the pins used for program- 
ming and a description of their functions: 


Figure 5. 


operating, RESET = OV, TEST 0 = SV, EA = SV, 
BUS and PROG floating. 


. Insert 8748 in programming socket. 

. TEST 0 = OV (select program mode). 
EA = 25V (activate program mode). 

. Address applied to BUS and P20-1. 

. RESET = 5V (latch address). 

. Data applied to BUS. 

Vp = 25V (programming power). 

. PROG = OV followed by one 50 ms pulse to 25V. 
10. Vpp = SV. 

11. TESTO = 5V (verify mode). 

12. Read and verify data on BUS. 

13. TESTO = OV. 

Clock input (1 to 6 MHz) 14. RESET = OV and repeat from step 5. 


OWN DOA FR WD 


Function 


15. Programmer should be at conditions of step 1 when 


Initialization and address latching 
8748 is removed from socket. 


Selection of program or verify mode 

Programming Options 

The 8748 EPROM can be programmed by either of two 
Intel products: 

1. PROMPT-48 Microcomputer Design Aid. 


2. Universal PROM Programmer (UPP-101 or UPP-102) 
Peripheral of the Intellec® Development System with 
ees a UPP-848 Personality Card. 


Activation of program/verify modes 


Address and data input data output during 
verify 


Address input 
Programming power supply 


Program pulse input 


BUS ADDRESS Ag-A7 DATA DATA OUT 
P20-21 ADDRESS Ag-Ag 


+25V 
+O0V 


WARNING: An attempt to program a missocketed 8748 will result in severe damage to the part. An indication of a properly socketed part 
is the appearance of the ALE clock output. The lack of this clock may be used to disable the programmer. 


Programming/Verification Sequence 
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8748 Erasure Characteristics 


The erasure characteristics of the 8748 are such that 
erasure begins to occur when exposed to light with 
wavelengths shorter than approximately 4000 Ang- 
stroms (A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data show that constant exposure to 
room level fluorescent lighting could erase the typical 
8748 in approximately 3 years while it would take ap- 
proximately one week to cause erasure when exposed 
to direct sunlight. If the 8748 is to be exposed to these 


time, opaque labels are available from Intel which 
should be placed over the 8748 window to prevent 
unintentional erasure. 


The recommended erasure procedure for the 8748 is ex- 
posure to shortwave ultraviolet light which has a wave- 
length of 2537A. The integrated dose (i.e., UV intensity 
x exposure time) for erasure should be a minimum of 15 
W-sec/cm2. The erasure time with this dosage is approx- 
imately 15 to 20 minutes using an ultraviolet lamp with a 
12,000 pW/cm2 power rating. The 8748 should be placed 
within one inch of the lamp tubes during erasure. Some 
lamps have a filter on their tubes which should be 


types of lighting conditions for extended periods of. removed before erasure. 


A.C. TIMING SPECIFICATION FOR PROGRAMMING 
Ta = 25°C +5°C, Voc = 5V #5%, Vpp = 25V +1V 


tPH RESET Hold Time to Verify F atcy | ff 
tvoow Voo acy [| 
tw | Test Setup Time for Program Mode | 4rcy | | 
tww | RESET Pulse Width to Latch Address | atcy, | | 


Note: If TEST 0 is high, tpg can be triggered by RESET 1. 


D.C. SPECIFICATION FOR PROGRAMMING 
Ta = 25°C +5°C, Voco = 5V +5%, Vop = 25V +1V 


VPH PROG Program Voltage High Level i 
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WAVEFORMS 
Combination Program/Verify Mode (EPROMs Only) 


RAM —————— 
|<.—_________——_— proGram —— alle eal — 
— ttw —— 


TO 


RESET 


taw twa too | 
os ADDRESS DATA TO BE —s 
DBo-0B7 (0-7) VALID PROGRAMMED VALID 


LAST 
ADDRESS 


NEXT 


P20-Py ADDRESS 


Vop 


PROG 


——- ee scree egg, Se 


Verify Mode (ROM/EPROM) 


VERIFY MODE (ROM/EPROM) 


DBo-DB7 as ADDRESS DATA OUT _— NEXT NEXT DATA 
(0-7) VALID VALID ADDRESS OUT VALID —— 
P20-Py ADDRESS (8-9) VALID NEXT ADDRESS VALID 


wn 
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<x 
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in 
8205 
HIGH SPEED 1 OUT OF 8 BINARY DECODER 


I/O Port or Memory Selector a Low Input Load Current — 0.25 mA 
Max, 1/6 Standard TTL Input Load 


Simple Expansion — Enable Inputs = Minimum Line Reflection — Low 


High Speed Schottky Bipolar Voltage Diode Input Clamp 


Technology — 18 ns Max Delay = Outputs Sink 10 mA Min 


Directly Compatible with TTL Logic a 16-Pin Dual In-Line Ceramic or Plastic 
Circuits Package 


The Intel® 8205 decoder can be used for expansion of systems which utilize input ports, output ports, and memory 
components with active low chip select input. When the 8205 is enabled, one of its 8 outputs goes “low”, thus a single 
row of amemory system is selected. The 3-chip enable inputs on the 8205 allow easy system expansion. For very large 
systems, 8205 decoders can be cascaded such that each decoder can drive 8 other decoders for arbitrary memory 
expansions. 

The 8205 is packaged in a standard 16-pin dual in-line package, and its performance is specified over the temperature 
range of 0°C to +75°C, ambient. The use of Schottky barrier diode clamped transistors to obtain fast switching speeds 
results in higher performance than equivalent devices made with a gold diffussion process. 


PIN CONFIGURATION LOGIC SYMBOL 


ADDRESS ENABLE OUTPUTS 


PIN NAMES 


op) 
ye | 
<< 
oc 
ud 
a a 
a 
ac 
(es) 
a. 


Bette |= 


. 
Ao: Az ADDRESS INPUTS 
E;-E£3 ENABLE INPUTS 
Oo: 07 DECODED OUTPUTS 


eS 


BILE SCrDTETSE TT ST 
ZEEE EE LEE EE EX Ierlo 
Lr DE ET EEE STE Te ST ~ 
2 Se Ob Ca es Ae Oa Ge Ao A al aad Go cake a 
BEET EEEESESErPEE ST = 
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FUNCTIONAL DESCRIPTION 
Decoder 


The 8205 contains a one out of eight binary decoder. It ac- 
cepts a three bit binary code and by gating this input, creates 
an exclusive output that represents the value of the input 
code. 


For example, if a binary code of 101 was present on the AO, 
A1 and A2 address input lines, and the device was enabled, 
an active low signal would appear on the 05 output line. 
Note that all of the other output pins are sitting at a logic 
high, thus the decoded output is said to be exclusive. The 
decoders outputs will follow the truth table shown below in 
the same manner for all other input variations. 


Enable Gate 


When using a decoder it is often necessary to gate the out- 
puts with timing or enabling signals so that the exclusive 
output of the decoded value is synchronous with the overall 
system. 


The 8205 has a built-in function for such gating. The three 
enable inputs (E1, E2, E3) are ANDed together and create 
a single enable signal for the decoder. The combination of 
both active “‘high’’ and active “‘low’’ device enable inputs 
provides the designer with a powerfully flexible gating func- 
tion to help reduce package count in his system. 
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DECODER 


ENABLE GATE 


Figure 1. Enable Gate 


ADDRESS ENABLE OUTPUTS 
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APPLICATIONS OF THE 8205 


The 8205 can be used in a wide variety of applications in 
microcomputer systems. I/O ports can be decoded from the 
address bus, chip select signals can be generated to select 
memory devices and the type of machine state such as in 
8008 systems can be derived from a simple decoding of the 
state lines (SO, S1, S2) of the 8008 CPU. 


1/0 Port Decoder 


Shown in the figure below is a typical application of the 
8205. Address input lines are decoded by a group of 8205s 
(3). Each input has a binary weight. For example, AO is as- 
signed a value of 1 and is the LSB; A4 is assigned a value of 
16 and is the MSB. By connecting them to the decoders as 
shown, an active low signal that is exclusive in nature and 
represents the value of the input address lines, is available at 
the outputs of the 8205s. 


This circuit can be used to generate enable signals for |/O 
ports or any other decoder related application. 


Note that no external gating is required to decode up to 24 
exclusive devices and that a simple addition of an inverter 
or two will allow expansion to even larger decoder net- 
works. 


Chip Select Decoder 


Using a very similar circuit to the |/O port decoder, an ar- 


PORT 
72 | NUMBERS 


Figure 2. I/O Port Decoder 
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ray of 8205s can be used to create a simple interface to a 
24K memory system. 


The memory devices used can be either ROM or RAM and 
are 1K in storage capacity. 8308s and 8102s are the devices 
typically used for this application. This type of memory de- 
vice has ten (10) address inputs and an active “low’’ chip 
select (CS). The lower order address bits AO-A9 which come 
from the microprocessor are ‘‘bussed’’ to all memory ele- 
ments and the chip select to enable a specific device or group 
of devices comes from the array of 8205s. The output of 
the 8205 is active low so it is directly compatible with the 
memory components. 


Basic operation is that the CPU issues an address to identify 
a specific memory location in which it wishes to ‘‘write”’ or 
“read’’ data. The most significant address bits A10-A14 are 
decoded by the array of 8205s and an exclusive, active low, 
chip select is generated that enables a specific memory de- 
vice. The least significant address bits AO-AQ identify a 
specific location within the selected device. Thus, all ad- 
dresses throughout the entire memory array are exclusive 
in nature and are non-redundant. 


This technique can be expanded almost indefinitely to sup- 
port even larger systems with the addition of a few inverters 
and an extra decoder (8205). 


TO 


CHIP 
SELECTS 


GND 


Figure 3. 32K Memory Interface 
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Logic Element Example 


Probably the most overlooked application of the 8205 is 
that of a general purpose logic element. Using the “on-chip” 
enabling gate, the 8205 can be configured to gate its de- 
coded outputs with system timing signals and generate 
strobes that can be directly connected to latches, flip-flops 
and one-shots that are used throughout the system. 


An excellent example of such an application is the ‘‘state 
decoder” in an 8008 CPU based system. The 8008 CPU is- 
sues three bits of information (SO, S1, S2) that indicate the 
nature of the data on the Data Bus during each machine 
state. Decoding of these signals is vital to generate strobes 
that can load the address latches, control bus discipline and 
general machine functions. 


In the figure below a circuit is shown using the 8205 as the 
“state decoder” for an 8008 CPU that not only decodes the 
SO, S1, S2 outputs but gates these signals with the clock 
(phase 2) and the SYNC output of the 8008 CPU. The T1 


8201 
CLOCK 
GENERATOR 


SYSTEM RESET 


State Control Coding 


0 
0 
0 
0 
1 
1 
1 
1 


oejerme O00} =— 


Figure 4. 8205 State Decoder Circuit 
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and T2 decoded strobes can connect directly to devices like 
8212s for latching the address information. The other de- 
coded strobes can be used to generate signals to control the 
system data bus, memory timing functions and interrupt 
structure. RESET is connected to the enable gate so that 
strobes are not generated during system reset, eliminating 
accidental loading. 


The power of such a circuit becomes evident when a single 
decoded strobe is logically broken down. Consider T1 out- 
put, the boolean equation for it would be: 


T1 = (SO-S1-S2)-(SYNC-Phase 2:Reset) 


A six input NAND gate plus a few inverters would be need- 
ed to implement this function. The seven remaining outputs 
would need a similar circuit to duplicate their function, 
obviously a substantial savings in components can be 
achieved when using such a technique. 


OUTPUTS 
FROM 
8205 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias: | Ceramic —65°C to +125°C *COMMENT 

Plastic —65°C to +75°C Stresses above those listed under ‘Absolute Maximum Rat- 
ing’’ may cause permanent damage to the device. This is a stress 
Storage Temperature —65°C to +160°C = only and functional been of the device at these or at 
All Output or Supply Voltages —0.5 to +7 Volts any other condition above those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect 
Output Currents 125 mA device reliability. 


All Input Voltages —1.0 to +5.5 Volts 


D.C. CHARACTERISTICS 
Ta = 0°C to + 75°C, Voc = 5V +5% 


8205 


SYMBOL PARAMETER a wa] UNIT TEST CONDITIONS 


Vo INPUT FORWARD CLAMP VOLTAGE esa Voc = 4.75V, I, = -5.0 mA 
a OUTPUT “LOW” VOLTAGE Pf 045 | Vf Vg = 4.75V, Io = 10.0 mA 
Vie INPUT “LOW” VOLTAGE ie i ee Voc = 5.0V 


La OUTPUT HIGH SHORT —120 Voc = 5.0V, Voyz = OV 
CIRCUIT CURRENT 


OUTPUT ‘‘LOW” VOLTAGE Voc = 9-0V, 15, = 40mA 
@ HIGH CURRENT 


cc POWER SUPPLY CURRENT —- 70 mA Voc = 9.25V 


TYPICAL CHARACTERISTICS 


OUTPUT CURRENT VS. OUTPUT CURRENT VS. 
OUTPUT “LOW” VOLTAGE OUTPUT “HIGH” VOLTAGE DATA TRANSFER FUNCTION 


MPU 
PERIPHERALS 


OUTPUT VOLTAGE (V) 


OUTPUT CURRENT (mA) 
OUTPUT CURRENT (mA) 


0 2 4 6 8 1.00 1.2 14 16 1.8 2.0 
OUTPUT “LOW” VOLTAGE (V) OUTPUT “HIGH” VOLTAGE (V) INPUT VOLTAGE (V) 
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SWITCHING CHARACTERISTICS 


Conditions of Test: Test Load 


Input pulse amplitudes: 2.5V 


Input rise and fall times: 5 nsec 
between 1V and 2V 


Measurements are made at 1.5V 


Test Waveforms 


ADDRESS OR ENABLE 
INPUT PULSE 


OUTPUT 


Sse see eee eee es we 


A.C. CHARACTRISTICS 


Ta = 0°C to + 75°C, Voc = SV +5% unless otherwise specified. 


All Transistors 2N2369 or Equivalent. C; = 30 pF 


Wes eeweeseeee2aeeeee 


SYMBOL PARAMETER MAX. LIMIT UNIT TEST CONDITIONS 
7 : | ae 

18 ns 

2 =I 

ts ADDRESS OR ENABLE TO 18 | ns | 

== 

tr OUTPUT DELAY 18 as 
18 ; ns 


f = 1 MHz, Vcc = OV 


INPUT CAPACITANCE P8205 
C8205 


1. This parameter is periodically sampled and is not 100% tested. 


TYPICAL CHARACTERISTICS 


ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. LOAD CAPACITANCE 


ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 


LOAD CAPACITANCE (pF) 
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ADDRESS OR ENABLE TO 
OUTPUT DELAY (ns) 


Veias = 2.0V,Ta= 25°C 


ADDRESS OR ENABLE TO OUTPUT 
DELAY VS. AMBIENT TEMPERATURE 


20 


oo 
uo 


AMBIENT TEMPERATURE (°C) 


intel 8212/3212* 
8-BIT INPUT/OUTPUT PORT 


a Fully Parallel 8-Bit Data Register and =» 3.65V Output High Voltage for Direct 
Buffer Interface to 8080 CPU or 8008 CPU 
= Service Request Flip-Flop for Interrupt 


Generation = Asynchronous Register Clear 


= Low Input Load Current — 0.25 mA Max = Replaces Buffers, Latches, and Multi- 
= 3-State Outputs plexers in Microcomputer Systems 


a Outputs Sink 15 mA m Reduces System Package Count 


The Intel® 8212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and device 
selection logic. Also included is a service request flip-flop for the generation and control of interrupts to the 
microprocessor. 


The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 


“Note: The specifications for the 3212 are identical with those for the 8212. 


PIN CONFIGURATION LOGIC DIAGRAM 
SERVICE REQUEST FF 


| 
0 ©) 
DEVICE SELECTION q D>aQ 
SR 
a Cc 


fie [sad | U___=—}" > INT [23> 


Tr 
> vp - ) > WR 
[> sts Lo TT 7 OUTPUT 
| | | BUFFER 
| | f° 
[23> D1, ! lie #00 [4> 
DATA LATCH aa | 
| f 
[5> Diz * DQ ie DO2 [6 > 
| ae | 
| x f 
Z> 01; mh oe Seale 
c 
| R 
[> 014 DQ L>+ 004 [1d> 
PIN NAMES 4 alt 
(fe> D1, —— ) DQ Kh D0, [15> 
: aj 
R 
O) f | 
| >+ 00¢ [17> 


an 
an 
oO O 
ae 
MPU 
PERIPHERALS 


! re po, [19> 
= | 
[22> 01g, ————______ | 0 Q | >+ 00g [21> 
eee 
(a> crR q | | 


Kee ed) eee 
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FUNCTIONAL DESCRIPTION 
Data Latch 


The 8 flip-flops that make up the data latch are of a 
‘“‘D” type design. The output (Q) of the flip-flop will 
follow the data input (D) while the clock input (C) is 
high. Latching will occur when the clock (C) returns 
low. 

The data latch is cleared by an asynchronous reset 
input (CLR). (Note: Clock (C) Overides Reset (CLR).) 


Output Buffer 

The outputs of the data latch (Q) are connected to 
3-state, non-inverting output buffers. These buffers 
have a common control line (EN); this control line 
either enables the buffer to transmit the data from 
the outputs of the data latch (Q) or disables the 
buffer, forcing the output into a high impedance 
state. (3-state) 


This high-impedance state allows the designer to 
connect the 8212 directly onto the microprocessor 
bi-directional data bus. 


Control Logic 

The 8212 has control inputs DS1, DS2, MD and 
STB. These inputs are used to control device selec- 
tion, data latching, output buffer state and service 
request flip-flop. 


DS1, DS2 (Device Select) 


These 2 inputs are used for device selection. When 
DS1 is low and DS2 is high (DS1 + DS2) the device is 
selected. In the selected state the output buffer is 
enabled and the service request flip-flop (SR) is 
asynchronously set. 


MD (Mode) 


This input is used to control the state of the output 
buffer and to determine the source of the clock input 
(C) to the data latch. 

When MD is high (output mode) the output buffers 
are enabled and the source of clock (C) to the data 
latch is from the device selection logic (DS1 - DS2). 
When MD is low (input mode) the output buffer state 
is determined by the device selection logic (DS1 - 
DS2) and the source of clock (C) to the data latch is 
the STB (Strobe) input. 


STB (Strobe) 


This input is used as the clock (C) to the data latch 
for the input mode MD = 0) and to synchronously 
reset the service request flip-flop (SR). 


Note that the SR flip-flop is negative edge triggered. 


Service Reqeust Flip-Flop 


The (SR) flip-flop is used to generate and control 
interrupts in microcomputer systems. It is asyn- 
chronously set by the CLR input (active low). When 
the (SR) flip-flop is set it is in the non-interrupting 
state. 

The output of the (SR) flip-flop (Q) is connected to 
an inverting input of a ‘‘NOR” gate. The other input 
to the ““NOR” gate is non-inverting and is connected 
to the device selection logic (DS1 - DS2). The output 
of the ‘‘NOR” gate (INT) is active low (interrupting 
state) for connection to active low input priority 
generating circuits. 


SERVICE REQUEST FF 


DEVICE SELECTION 


\ 


oe 
[13> ps2 


) > INT [23> 
(ACTIVE LOW) 
EN 


[2> mo oe WR 
p 2anele 
Ee ry 1 oureur 
| | | BUFFER 
| | 
> 01, re fy 00, [4> 
DATA LATCH eal | 
— On| le XS DO2 (e> 
a | 
' . f | 
[> 015 pa | >—- 003 [8 > 
i f | 
R 
ve f | 
[Z> v1, Da i >+ 00, 
Ce ! 
[ie> DI. cml iS DOs [15> 
C 
| 
[s> 01, : 
[2o> 01, 
22> D1, 
fa> eR DH 
(ACTIVE LOW) 


@ 
= 
Oo 


DATA OUT EQUALS 
3-STATE 

3-STATE 

DATA LATCH 
DATA LATCH 
DATA LATCH 
DATA IN 
DATAIN 
DATA IN 


(DS;-DS2) 


-O-0-0-0 4 


*INTERNAL SR FLIP-FLOP 


CLR — RESETS DATA LATCH 
SETS SR FLIP-FLOP 
(NO EFFECT ON OUTPUT BUFFER) 


Figure 1. Service Flip-Flop Function 
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APPLICATIONS OF THE 8212 — FOR 
MICROCOMPUTER SYSTEMS 

e Basic schematic symbols 

e Gated buffer 

e Bidirectional bus driver 

e Interrupting input port 


Basic Schematic Symbols 


Two examples of ways to draw the 8212 on system 
schematics—(1) the top being the detailed view 
showing pin numbers, and (2) the bottom being the 
symbolic view showing the system input or output 


INPUT DEVICE 


e Interrupt instruction port 
e Output port 

¢ 8080A status latch 

e 8085A address latch 


as a system bus (bus containing 8 parallel lines). 
The output to the data bus is symbolic in referenc- 
ing 8 parallel lines. 


OUTPUT DEVICE 


(DETAILED) 
INPUT OUTPUT 
STROBE FLAG 
SYSTEM (SYMBOLIC) SYSTEM 
INPUT OUTPUT 


GND DATA BUS 


Figure 2. Basic Schematic Symbols 


Gated Buffer (3-State) 


The simplest use of the 8212 is that of a gated 
buffer. By tying the mode signal low and the strobe 
input high, the data latch is acting as a straight 
through gate. The output buffers are then enabled 
from the device selection logic DS1 and DS2. 
When the device selection logic is false, the outputs 
are 3-state. 


When the device selection logic is true, the input 
data from the system is directly transferred to the 
output. The input data load is 250 micro amps. The 
Output data can sink 15 milli amps. The minimum 
high output is 3.65 volts. 


DATA BUS Vec 


cc 


INPUT OUTPUT 

DATA DATA 

(250 uA) (15mA) 
(3.65 V MIN) 


GATING 
CONTROL 


(DS1eDS2) 


Figure 3. Gated Buffer (3-State) 
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8212/3212 


Bidirectional Bus Driver 


A pair of 8212’s wired (back-to-back) can be used 

as a symmetrical drive, bi-directional bus driver. 

The devices are controlled by the data bus input 

control which is connected to DSi on the first 8212 

and to DS2 on the second. One device is active, and 

acting as a straight through buffer the other is in DATA 
3-state mode. This is a very useful circuit in small 
system design. 


DATA BUS 
CONTROL 
(O= L ~ R) 
(1}=R—~L) 


Fi 4. Bidirectional Bus Driver 
Interrupting Input Port igure idirectional Bus Driv 


This use of an 8212 is that of a system input port 

that accepts a strobe from the system input source, INPUT 
which in turn clears the service request flip-flop StBUBE 
and interrupts the processor. The processor then 

goes through a service routine, identifies the port, 

and causes the device selection logic to go true — 


DATA 


; ‘ SYSTEM 
enabling the system input data onto the data bus. INPUT 
SYSTEM 
RESET 
PORT 
SELECTION TO PRIORITY CK 
(DS1-Ds2) (ACTIVE LOW) 
TO CPU 


INTERRUPT INPUT 


Figure 5. Interrupting Input Port 
Interrupt Instruction Port gu pting Inp 


The 8212 can be used to gate the interrupt instruc- 
tion, normally RESTART instructions, onto the data 
bus. The device is enabled from the interrupt 


Voc 
acknowledge signal from the microprocessor and ue 
from a port selection signal. This signal is normally 
tied to ground. (DS1 could be used to multiplex a RESTART 
CACLR 
: GND 


DATA 
BUS 


variety of interrupt instruction ports onto a com- INSTRUCTION 
(RST 0 RST 7) 


mon bus). 


(DSI) PORT SELECTION 
INTERRUPT ACKNOWLEDGE 


Figure 6. Interrupt Instruction Port 
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Output Port (With Handshaking) 

The 8212 can be used to transmit data from the data 
bus to a system output. Fhe output strobe could be 
a hand-shaking signal such as “‘reception of data’ 
from the device that the system is outputting to. It 
in turn, can interrupt the system signifying the re- 
ception of data. The selection of the port comes 
from the device selection logic. (DS1+ DS2) 


8080 Status Latch 


Here the 8212 is used as the status latch for an 8080 
microcomputer system. The input to the 8212 latch 
is directly from the 8080 data bus. Timing shows 
that when the SYNC signal is true, which is con- 
nected to the DS2 input and the phase 1 signal is 
true, which is a TTL level coming from the clock 
generator; then, the status data will be latched into 
the 8212. 


=’ 
oO 


o 


OOO 0CU0 00 0 


N 


9OO0O0 00 000 
& w 


CLOCK GEN. 
& DRIVER 


Figure 7. Output Port (With Handshaking) 


DATA 
BUS 


OUTPUT STROBE 


SYSTEM OUTPUT 


SYSTEM RESET 


PORT SELECTION 
(LATCH CONTROL) 
(DS1-Ds2) 


SYSTEM 
INTERRUPT 


Figure 8. 8080 Status Latch 


Note: The mode signal is tied high so that the output 
on the latch is active and enabled all the time. 

It is shown that the two areas of concern are the 
bidirectional data bus of the microprocessor and the 
control bus. 


ww rYe —- CO 


DATA BUS 


ny OO & 


STATUS 
LATCH 


DATA 
DBIN 


STATUS 
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8212/3212 


ABSOLUTE MAXIMUM RATINGS* 


Temperature under bias plastic........... 0°C to 75°C *COMMENT: Stresses above those listed under “Absolute Maximum 
Storage temperature ....:............-- 0°C to 75°C Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any 
All output or supply voltages ase ee —0.5V to +7V other condition above those indicated in the operational sections of 
All input voltages................... — 1.0V to + 5.5V this specification is not implied. 
OUTPUT CUNGIIG: cas ceccccer canteens ug ts ecaks 100 mA 
D.C. CHARACTERISTICS 
T, = O°Cto +75°C ~Vec = +5V +5% 
Symbol Parameter : oe Unit Test Conditions 
Min. Typ. Max. 

F Input Load Current — .25 mA Ve = .45V 

ACK, DS,, CR, DI,-DI, Inputs 
F Input Load Current —.75 mA Ve = .45V 

MD Input 
F Input Load Current —1.0 mA Ve = .45V 

DS, Input 
Ip Input Leakage Current 10 [LA Va < Voc 

ACK, DS, CR, DI,-DI, Inputs 
lp he aia Current 30 [LA Va <Voc 

npu 
Ip Ly gt ri il Current 40 [LA Va < Voc 
| Inpu 

Ve Input Forward Voltage Clamp —1 V lI = -5mA 
Vit Input ‘“‘Low”’ Voltage 85 V 
Vin Input “High” Voltage 2.0 V 
Vou Output ‘“‘Low”’ Voltage 45 V lo. = 15 mA 
Vou Output “High” Voltage 3.65 4.0 V lon = —1 MA 
Isc Short Circuit Output Current -15 -75 mA Vo =-OV, Veco = 5,0V 
lo Output Leakage Current 20 LA Vo = .45V/5.25V 

High Impedance State 
lec Power Supply Current 90 130 mA 
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TYPICAL CHARACTERISTICS 


OUTPUT CURRENT (mA) INPUT CURRENT (yA) 


DATA TO OUTPUT DELAY (ns) 


INPUT CURRENT VS. INPUT VOLTAGE 


+1 


INPUT VOLTAGE (V) 


OUTPUT CURRENT VS. 
OUTPUT “HIGH” VOLTAGE 


OUTPUT “HIGH” VOLTAGE (V) 


DATA TO OUTPUT DELAY 
VS. TEMPERATURE 


TEMPERATURE (°C) 


8212/3212 
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OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE 


OUTPUT CURRENT (mA) 


OUTPUT “‘LOW” VOLTAGE (V) 


DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 


DATA TO OUTPUT DELAY (ns) 


LOAD CAPACITANCE (pF) 


WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE 


WRITE ENABLE TO OUTPUT DELAY (ns) 


TEMPERATURE (°C) 


| 
<x 
= £5 
ee 
= 
Cc 
Lu 
a. 


8212/3212 


TIMING DIAGRAM 


DATA 


STB or DS; DS2 1.5V 1.5V 


OUTPUT 


DS; + DS2 1.5V 1.5V 


OUTPUT 


2) 
mo 
D 


DO 


DATA 


Me --- tSeET 7 tH = 


STB or DS * DSo | 1.5V 


OUTPUT 


STB 


DS4 e DS2 


INT 


| 
NOTE: ALTERNATIVE TEST LOAD <= tR > 


” 
ee | 
= 

> 

ar 
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Vcc 


10K 
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A.C. CHARACTERISTICS 
Ta = 0°C to +75°C, Voc = +5V +5% 


Symbol Parameter a ee] Test Conditions 
Min. Typ. Max. 
bas Data To Output Delay ons | 
ae 
toot Data Setup Time 
Data Hold Time 20 ns —_ 


Reset To Output Delay 40 


ns 
‘ Set To Output Delay 30 ons | 
te Output Enable/Disable Time 45 


ie Clear To Output Delay 55 


CAPACITANCE* 
F = 1 MHz, Vaias = 2.5V, Voc = +5V, Ta = 25°C 


LIMITS 


DS, MD Input Capacitance 


DS,, CK, ACK, DI,-Dl, 
Input Capacitance 


DO,-DO,; Output Capacitance | 8 pF 12 pF 


*This parameter is sampled and not 100% tested. 


Cin 


SWITCHING CHARACTERISTICS 


Conditions of Test Test Load 
Input Pulse Amplitude = 2.5 V 15mA & 30pF 
Input Rise and Fall Times 5 ns ¥ 


Between 1V and 2V Measurements made at 1.5V 


with 15 mA & 30 pF Test Load 
300 
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* INCLUDING JIG & PROBE CAPACITANCE 
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intel M8212/M3212* 
8-BIT INPUT/OUTPUT PORT 


a Fully Parallel 8-Bit Data Register and a 3.4V Output High Voltage for Direct 
Buffer Interface to M8080A CPU 

= Service Request Flip-Flop for Interrupt a Asynchronous Register Clear 
Generation = Replaces Buffers, Latches, and Multi- 

= Low Input Load Current 0.25 mA Max plexers in Microcomputer Systems 

= 3-State Outputs = Reduces System Package Count 


= Full Military Temperature Range = + 10% Power Supply Tolerance 
— 55°C to + 125°C = 24-Pin Dual In-Line Package 


The Intel® M8212/M3212 input/output port consists of an 8-bit latch with 3-state output buffers along with control and 
device selection logic. Also included is a service request flip-flop for the generation and control of interrupts to the 
microprocessor. 

The device is multimode in nature. It can be used to implement latches, gated buffers or multiplexers. Thus, all of the 
principal peripheral and input/output functions of a microcomputer system can be implemented with this device. 


*“Note: The specifications for the M3212 are identical with those for the M8212. 


PIN CONFIGURATION LOGIC DIAGRAM 
SERVICE REQUEST FF 


\ 

) > 
DEVICE SELECTION 4 DSaQ 
%% SR 
C J 


[> Dst-0 
[2>> MD {oO 
fit> sTB ct 


Dan 


OUTPUT 
BUFFER 
[3> D1, i DQ ‘Do, [4> 
DATA LATCH | : sell) | 
[E> Diz — i DQ ws D02 [6 > 
| rs alt | 
[7> D3 ae Q fs : D03 
| eli | 
[9>01, F D2 > 004 
PIN NAMES , rel | 
__Dh-Dig | DATAIN fié> D1, Da iS | Dos [15> 
_DO1-D0g | DATAOUT Z | ne | 
_DS;-DS2 | DEVICE SELECT | 
. ‘oe 7 | f 
= |STROBE 6 | i DQ >. Dg {> 
= 5 | INTERRUPT (ACTIVE LOW) . | 
sz | CLEAR (ACTIVE LOW) | = Ff | 
& Dlz A pa | >— 007 
Sie 
E> org > H+ 003 E> 
RESET DRIVER | i | 
- Sy | || 
ioe (ACTIVE LOW) 1 a | | 
L_ __J_ _J 
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M8212/M3212 


ABSOLUTE MAXIMUM RATINGS* "COMMENT. Stresses above those listed under “Absolute 


Maximum Ratings” may cause permanent damage to the 


Temperature Under Bias ........ —55°C to +125°C device. This is a stress rating only and functional opera- 
Storage Temperature .......... —65°C to +160°C tion of the device at these or any other conditions above 
All Output or Supply Voltages ....—0.5 to +7 Volts those indicated in the operational sections of this specifi- 

cation is not implied. Exposure to absolute maximum 
All Input Voltages ............ —1.0 to 5.5 Volts rating conditions for extended periods may affect device 
Output Currents ................20008e 100 mA reliability. 


D.C. CHARACTERISTICS 
Ta =-55°C to+125°C Vee = +5V +10% 


Limits . Kd 

Symbol Parameter Unit Test Conditions 
F Input Load Current —.25 mA Ve = .45V 

ACK, DS,, CR, DI,-DI,; Inputs 
l¢ Input Load Current — 15 mA Vie = .45V 

MD Input 
Ip Input Load Current —1.0 mA Ve = .45V 

DS, Input 
IR Input Leakage Current 10 [LA Ve = Vec 

ACK, DS, CR, DI,-Dl, Inputs 
IR Input Leakage Current 30 LA Ve = Vec 

MD Input 
IR Input Leakage Current 40 LA Ve = Vec 

DS, Input _ 
Ve Input Forward Voltage Clamp a aa —1.2 l= -5mA 
VoL Output “Low” Voltage a lo. = 10mA 
VOH Output “High” Voltage 4.0 lon = -.5mA 
ins Short Circuit Output Current -15 | | -75 Veo = 5.0V 
|!o| Output Leakage Current 20 uA Vo = .45V to Vcc 

High Impedance State 
lec Power Supply Current Pf 90 145 
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M8212/M3212 


A.C. CHARACTERISTICS 
T, =-55°C to +125°C | Veg = +5V +10% 


Symbol Parameter ag ae) Ot Test Conditions 
twe Write Enable To Output Delay a ee ee NOTE 1 
tr Reset To Output Delay fe 55 pons | NOTE 1 
tz | Output Enable/Disable Time | —=s«(| =O | ns NOTE 10, = 90 pF 
tc Clear To Output Delay ee 50 pons | NOTE 1 
CAPACITANCE =F = 1 Mhz, Vaiss =2-5V, Voc = +5V, Ta = 25°C 
LIMITS 
DS, MD Input Capacitance 
DS,,CLR, STB) DI,-DI, 
Input Capacitance 
DO,-DO; Output Capacitance 
SWITCHING CHARACTERISTICS 
Conditions of Test Test Load 
Input Pulse Amplitude = 2.5V . 
Input Rise and Fall Times: 5 ns between 1V and 2V ie 
R, 
TO 
D.U.T. 
S Ro 


” 
pa 
& 
> w 
= 
=o 
a 
uJ 
ow 


NOTE 1: 


tpp, twe, tr, ts, tc 
e, ENABLEt 


te, ENABLE 
te, DISABLEt 
te, DISABLEJ 
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TIMING DIAGRAM 


Data 


OUTPUT 


DATA 


STB or DS, © DS, 


OUTPUT 
STB 
DS, e DS» Ww 
oat 
<x 
=> 5 
a = 
=o 
oc 
lu 
2 oa 
INT 
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TYPICAL CHARACTERISTICS 


OUTPUT CURRENT (mA) INPUT CURRENT (yA) 


DATA TO OUTPUT DELAY (ns) 


INPUT CURRENT VS. INPUT VOLTAGE 


Vee = +5.0V Y 

vere | ew 
a 

| if 


INPUT VOLTAGE (V) 


OUTPUT CURRENT VS. 
OUTPUT “HIGH” VOLTAGE 


OUTPUT “HIGH” VOLTAGE (V) 


DATA TO OUTPUT DELAY 
VS. TEMPERATURE 


TEMPERATURE (°C) 
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OUTPUT CURRENT VS. OUTPUT “LOW” VOLTAGE 


OUTPUT CURRENT (mA) 


OUTPUT “LOW” VOLTAGE (V) 


DATA TO OUTPUT DELAY 
VS. LOAD CAPACITANCE 


DATA TO OUTPUT DELAY (nis) 


LOAD CAPACITANCE (pF) 


WRITE ENABLE TO OUTPUT DELAY 
VS. TEMPERATURE 


WRITE ENABLE TO OUTPUT DELAY (ns) 


TEMPERATURE ('C) 


intel 8214/3214* 
PRIORITY INTERRUPT CONTROL UNIT 


# 8 Priority Levels a Fully Expandable 
a Current Status Register a High Performance (50 ns) 
a Priority Comparator = 24-Pin Dual In-Line Package 


The Intel® 8214 is an 8-level priority interrupt control unit (PICU) designed to simplify interrupt-driven microcomputer 
systems. 


The PICU can accept 8 requesting levels; determine the highest priority, compare this priority to a software controlled 
current status register and issue an interrupt to the system along with vector information to identify the service 
routine. 


The 8214 is fully expandable by the use of open collector interrupt output vector information. Control signals are also 
provided to simplify this function. 


The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count in interrupt- 
driven microcomputer systems. 


*Note: The specifications for the 3214 are identical with those for the 8214. 


PIN CONFIGURATION LOGIC DIAGRAM 
[11> ELR ° 
fa ETLE. = —— a 
z REQUEST ACTIVITY 
at (OPEN COLLECTOR) 
‘7 F — | A, [8> 
R; [p= & [eS 
Ri, _ 
Rs | _e A2 
Re 4) ENLG [a> 
BS a [Cr mis ees 
COLLECTOR) 
om & cles oan ae 4+ Ho alt int [5 > 
(2> " CURRENT {HI e fF 
E> © STATUS be 
[4 > on PRIORITY 
mS mS COMPARATOR | 
(7> INTE 
PIN NAMES [> aK 


REQUEST LEVELS (R7 HIGHEST PRIORITY) 
Bo-B2 CURRENT STATUS 

SGS STATUS GROUP SELECT 

ECS ENABLE CURRENT STAFUS 

INTE INTERRUPT ENABLE 

CLK CLOCK (INT F-F) 

ELR ENABLE LEVEL READ 

ETLG ENABLE THIS LEVEL GROUP 


“Az REQUEST LEVELS OPEN 
INT © INTERRUPT (ACT. LOW) COLLECTOR 
ENABLE NEXT LEVEL GROUP 
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8214/3214 


ABSOLUTE MAXIMUM RATINGS* 


Temperatire URGGr BIkk 2c tec a ca ea cng hoe been eee bee ew ee He Ew Ee eR 0°C to 75°C 
storage Temperate wna cceeeceuceoascane neers tddene Peewee ee ROR ee eRe ee eee --65°C to +160°C 
All Cuteutana Supoiye Votes .6 64 6h ade oe be wae 2 OAS ORM GOS ME Se OE ee ew HEHE Oe wD -0.5V to +7V 
al Wrat, WaAS <e ee ok ee ee eee Eo ees Bee 2 EOE EN OEE OO Se OER OOS -1.0V to +5.5V 
Ontout CUIGIsS on ck cde we POE RHE EKO DRESS RO RHEW EDAD OR OOD H OED OR ORE BO OE ES ee es 100 mA 


*COMMENT: Stresses above those listed under ‘‘Absolute Maximum Rating’’ may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or at any other condition above those indicated in the operational sections of this specifi- 
cations is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 0°C to +70°C, Voc = 5V +5%. 


Symbol Parameter Sa eo Conditions 
Vo Input Clamp Voltage (all inputs) aan Ca Ic=-bmA 
If Input Forward Current: ETLG input | ts ae mA Ve=0.45V 
all other inputs -.08 -0.25 mA 
IR Input Reverse Current: ETLG input Pf 80 LA VR=5.25V 
all other inputs 40 LA 
Vib Input LOW Voltage: all inputs ee Vec=5.0V 
MH Input HIGH Voltage: all inputs }20 | | |v i Vec=5.0V 
lec Power Supply Current | 90 | 130 | ma See Note 2. 
VoL Output LOW Voltage: all outputs Ff 8 | 45 PV lo =15mA 
Vou Output HIGH Voltage: | ENLG output 3.0 Pf loy=-1mA 
los Short Circuit Output Current: ENLG output | -20 -35 Vos= OV, Vec=5.0V 
ICEx Output Leakage Current: INT and Ao-A> | 100 | uA VoeEx=5.25V 
NOTES: 


1. Typical values are for Ta = 25°C, Vcc = 5.0V. 
2. Bg-Bz, SGS, CLK, Ro-R4 grounded, all other inputs and all outputs open. 
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A.C. CHARACTERISTICS = 1, =0°C to +70°C, Voc = +5V +5% 


tetcs|2! ETLG Setup Time to CLK | 2 | 12 +4) | ns 

tere [2] ETLG Hold Time After CLK | 20 | 10 | | ns 

teccy!3! | ECS Hold Time After CLK Poo ff | os 

tecrs|3! ECS Setup Time to CLK | 110 | 7 | ns 

tecRy!s! ECS Hold Time After CLK Fo ff 

tecss/2! ECS Setup Time to CLK | 75 | 70 | | ns 

tecsy (2! ECS Hold Time After CLK Poo fof ns 

tocy|2! SGS and Bg-Bz Hold Time After CLK Po ff ns 

trcs/3! Ro-R7 Setup Time to CLK | 90 | 55 | | ns 

tris l4! Ro-R7 Setup Time to INT 10 | oO | | ns 

tra Ro-R7 to Ag-Az Propagation Delay pf 80 100 ns 

teLa ELR to Ao-A2 Propagation Delay | | 400 5B ns 
CAPACITANCE! ! 2 

Symbol Parameter | Min. | Typ.l1] | Max | Unit os 


Test Conditions: Vaiag = 2.9V, Voc =5V, la= 25°C. f = 1 MHz 


NOTE 5. This parameter is periodically sampled and not 100% tested. 
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WAVEFORMS 


"rcs "RCH tris 'RIH 


ETLG 


ee ro2ee- = = aw «ow ow ow aw ow ow ow a= 
SGS, BoB 
y i 
| ‘pecs |"DECH tecss | tECSH 


=> 
7 f~ “ 
= ee ae ee ae em Se a Ge eh ae ee am ae ee Ge > om oe om ow ow ow a= a= eet A van oo 
‘pw 
ELR 


NS Ne ee ee ae A AS eae eee 


ENLG 


NOTES: 

(1) Typical values are for Ty, = 25°C ,Vcc = 5.0V. 

(2) Required for proper operation if ISE is enabled during next clock pulse. 

(3) These times are not required for proper operation but for desired change in interrupt flip-flop. 


(4) Required for new request or status to be properly loaded. 


Test Conditions Test Load Circuit = 
Input pulse amplitude: 2.5 volts. 

Input rise and fall times: 5 ns between 1 and 2 volts. 3002 
Output loading of 15 mA and 30 pf. 


Speed measurements taken at the 1.5V levels. 


30 pf 60022 


Ww 
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in e M8214/M3214* 
PRIORITY INTERRUPT CONTROL UNIT 


a 8 Priority Levels a 24-Pin Dual In-Line Package 


a Fully Expandable = Full Military Temperature Range 


= Current Status Register — 55°C to + 125°C 


w Priority Comparator a» +10% Power Supply Tolerance 


The Intel® M8214 is an 8-level priority interrupt control unit (PICU) designed to simplify interrupt-driven microcom- 
puter systems. 


The PICU can accept 8 requesting levels; determine the highest priority, compare this priority to a software controlled 


current status register and issue and interrupt to the system along with vector information to identify the service 
routine. 


The M8214 is fully expandable by the use of open collector interrupt output vector information. Control signals are 
also provided to simplify this function. 


The PICU is designed to support a wide variety of vectored interrupt structures and reduce package count in interrupt- 
driven microcomputer systems. 


*Note: The specifications for the M3214 are identical with those for the M8214. 


PIN CONFIGURATION LOGIC DIAGRAM 


_ 


m 
4 m 
cc 
QO DvD 
+ 


REQUEST ACTIVITY 


J| 
Oo 


(OPEN COLLECTOR) 


PRIORITY 
COMPARATOR 


” 
Q) 
”n 


L1> 
[13> 
[s> 
R 
e. REQUEST A, 
17 > R, Oo LATCH | ar Ag 
=o AND - 
83 PRIORITY ” 
[19> R, ENCODER | - 
a, = 
[21> Re | sr) —ENLG[ja> 
[22> R, . | (OPEN 
| COLLECTOR) 
= oad OD —— 1D, LU) a aa 
> 8 INT 
[2> 8, te a 
GS a, te 
[4> Gs 
[23> 


m 
2) 
” 


Ww 

PIN NAMES a 
eee < 

[7> INTE =& 

REQUEST LEVELS (R7 HIGHEST PRIORITY) («> GLK = a 
CURRENT STATUS as) 
STATUS GROUP SELECT a. 


ENABLE CURRENT STAFUS 
INTERRUPT ENABLE 

CLOCK (INT F-F) 

ENABLE LEVEL READ 
ENABLE THIS LEVEL GROUP 


REQUEST LEVELS i OPEN | 
INTERRUPT (ACT. LOW) COLLECTOR 


ENABLE NEXT LEVEL GROUP 
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M8214/M3214 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolu té 

. . Maximum Ratings” may cause permanent damage to the 
Temperature Under Bias .......... “95 C to +125 a device. This is a stress rating only and functional opera 
Storage Temperature ............ 65°C to +160°C tion of the device at these or any other conditions above 
All Output and Supply Voltages. ....... —0.5V to +7V those indicated in the operational sections of this specifi 
All Input Voltages .... 2-2-2... +55: —1.0V to +5.5V cation is not implied. Exposure to absolute maximu 
Output Currents ....cc0e00exeeeueeuun 100 mA 


rating conditions for extended periods may affect device 
reliability. 


D.C. AND OPERATING CHARACTERISTICS 
Ta = 55°C to 125°C Vcc = 5V +10% 


Symbol Parameter 


| 


<|£ 
= 
re 


Ve Input Clamp Voltage (all inputs) re ez V 
IF Input Forward Current: ETLG input -.15 -0.5 mA Ve=0.45V 
all other inputs ie las mA 
IR Input Reverse Current: ETLG input pf 80 LA VR=5.5V 
all other inputs 40 MA 
VoH Output HIGH Voltage: ENLG output (24 | 30 | Jf Vv. lon=-1MmA 
los Short Circuit Output Current: ENLG output Vec=5.0V 


NOTES: 
1. Typical values are for Ta = 25°C, Vcc = 5.0V. 
2. Bo-Bz, SGS, CLK, Ro-Rg grounded, all other inputs and all outputs open. 
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A.C. CHARACTERISTICS 


Symbol 
tcy 

tpw 

tiss 

UISH 
tetcsl2! 
tetcH/2! 
teccs!2! 
teccH!3] 
tecrs!3! 
tecrH!! 
tecss|2! 
tecsH[2! 


tocs!2! 


tocH|2! 


Symbol 


Test Conditions: 


M8214/M3214 


Ta = -55°C to +125°C, Vcc = +5V +10% 


Limits 
Parameter Typ.[1] 
CLK Cycle Time 

CLK, ECS, INT Pulse Width 
INTE Setup Time to CLK 
INTE Hold Time after CLK 20 
ETLG Setup Time to CLK 25 
ETLG Hold Time After CLK 20 
ECS Setup Time to CLK 
ECS Hold Time After CLK 
ECS Setup Time to 
ECS Hold Time After 
ECS Setup Time to CLK 

ECS Hold Time After CLK 

SGS and Bp-B> Setup Time to CLK 


SGS and Bg-B> Hold Time After CL 
Rg-R7 Setup Time to CLK 100 55 


NO 
O1 


= 


| 


O| 
- 
A 


110 


2) 
aa 
A 


Oo 
oO 


w;— o1 
oO ~S Sl ae ee ee (ee 
oO = | Oo O;N] OO] NM 


NO 
o 


ages ae ———— 
Rg-R7 Hold Time After CLK 

INT Setup Time to CLK 35 

CLK to INT Propagation Delay 15 


20 


SGS and Bg-Bz Hold Time After ECS 
Ro-R7 to ENLG Propagation Delay 


~ 
i=) 


30 

Ro-R7 Setup Time to INT 0 
Ro-Rz Hold Time After INT | 20 | 
Ro-R7 to Ag-A>z Propagation Delay | 80 [100 
ELR to Ao-A2 Propagation Delay 
ECS to Ag-A> Propagation Delay 100 
ETLG to Ag-A> Propagation Delay 35 
SGS and Bo-B> Setup Time to ECS 20 10 | | 

ow 

ae 


NO] eP}] 


teTEN ETLG to ENLG Propagation Delay 30 

tECRN ECS to ENLG Propagation Delay 85 110 

tEcsN ECS to ENLG Propagation Delay 1S 
CAPACITANCE 


Parameter 
Input Capacitance 


Output Capacitance 


VBIAS = 2.5, Vec = 5V, Ta = 25°C, f= 1 MHz 
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intel 
8216/8226, 3216/3226* 
4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 


« Data Bus Buffer Driver for 8080 CPU = 3.65V Output High Voltage for Direct 
Interface to 8080 CPU 
a Low Input Load Current — 0.25 mA 
Maximum = 3-State Outputs 
= High Output Drive Capability for 
Driving System Bus = Reduces System Package Count 


The 8215/8226 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, the 
DO outputs provide a high 3.65V Vox, and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA Io, capability. A non-inverting (8216) and an inverting (8226) are available to meet a wide variety of applica- 
tions for buffering in microcomputer systems. 


“Note: The specifications for the 3216/3226 are identical with those for the 8216/8226. 


PIN CONFIGURATION LOGIC DIAGRAM LOGIC DIAGRAM 
8216 8226 


PIN NAMES 


DATA BUS 
BI-DIRECTIONAL 
Dly-DI, | DATA INPUT 


DO,-DO,; DATA OUTPUT 


DATA IN ENABLE 
DIRECTION CONTROL | 


le CHIP SELECT 


DBy-DB, 


DIEN 


wa. 
dual 
= 
Sts 
oar 
=o 
Cc 
lu 
a. 
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8216/8226, 3216/3226 


FUNCTIONAL DESCRIPTION 


Microprocessors like the 8080 are MOS devices and are 
generally capable of driving a single TTL load. The same is 
true for MOS memory devices. While this type of drive is 
sufficient in small systems with few components, quite often 
it is necessary to buffer the microprocessor and memories 
when adding components or expanding to a multi-board 
system. 


The 8216/8226 is a four bit bi-directional bus driver specif- 
ically designed to buffer microcomputer system components. 


Bidirectional Driver 


Each buffered line of the four bit driver consists of two 
separate buffers that are tri-state in nature to achieve direct 
bus interface and bi-directional capability. On one side of 
the driver the output of one buffer and the input of another 
are tied together (DB), this side is used to interface to the 
system side components such as memories, I/O, etc., be- 
cause its interface is direct TTL compatible and it has high 
drive (50mA). On the other side of the driver the inputs 
and outputs are separated to provide maximum flexibility. 
Of course, they can be tied together so that the driver can 
be used to buffer a true bi-directional bus such as the 8080 
Data Bus. The DO outputs on this side of the driver have a 
special high voltage output drive capability (3.65V) so that 
direct interface to the 8080 and 8008 CPUs is achieved with 
an adequate amount of noise immunity (350mV worst case). 


Control Gating DIEN, CS 


The CS input is actually a device select. When it is ‘“high” 
the output drivers are all forced to their high-impedance 
state. When it is at ‘‘zero’’ the device is selected (enabled) 
and the direction of the data flow is determined by the 
DIEN input. 


The DIEN input controls the direction of data flow (see 
Figure 1) for complete truth table. This direction control 
is accomplished by forcing one of the pair of buffers into its 
high impedance state and allowing the other to transmit its 
data. A simple two gate circuit is used for this function. 


The 8216/8226 is a device that will reduce component count 
in microcomputer systems and at the same time enhance 
noise immunity to assure reliable, high performance op- 
eration. 


(a) 8216 


(b) 8226 


Diy o————_ 
DB, 
DO, 
DI, 
DO, 
DI, 
DB, 
DO, 
Di, 


DB, 
DO, 


DIEN O—— 


© DB, 


a= ae 
© DB, 
DO,0 ee 
i © DB, 
DO, o——— ms: - 


O 00 
/L—— OCS 
DIEN O 


DI > DB 


DB = DO _ 


futon IMPEDANCE 


Figure 1. 8216/8226 Logic Diagrams 
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8216/8226, 3216/3226 


APPLICATIONS OF THE 8216/8226 


8080 Data Bus Buffer 


The 8080 CPU Data Bus is capable of driving a single TTL 
load and is more than adequate for small, single board sys- 
tems. When expanding such asystem to more than one board 
to increase |/O or Memory size, it is necessary to provide a 
buffer. The 8216/8226 is a device that is exactly fitted to 
this application. 


Shown in Figure 2 are a pair of 8216/8226 connected di- 
rectly to the 8080 Data Bus and associated control signals. 


The buffer is bi-directional in nature and serves to isolate the 
CPU data bus. 


On the system side, the DB lines interface with standard 
semiconductor 1/O and Memory components and are com- 
pletely TTL compatible. The DB lines also provide a high 
drive capability (50mA) so that an extremely large system 
can be dirven along with possible bus termination networks. 


On the 8080 side the DI and DO lines are tied together and 
are directly connected to the 8080 Data Bus for bi-directional 
operation. The DO outputs of the 8216/8226 have a high 
voltage output capability of 3.65 volts which allows direct 
connection to the 8080 whose minimum input voltage is 
3.3 volts. It also gives a very adequate noise margin of 
350mV (worst case). 


The DIEN inputs to 8216/8226 is connected directly to the 
8080. DIEN is tied to DBIN so that proper bus flow is 
maintained, and CS is tied to BUSEN so that the system 
side Data Bus will be 3-stated when a Hold request has been 
acknowledged during a DMA activity. 


Memory and I/O Interface to a Bidirectional Bus 


In large microcomputer systems it is often necessary to pro- 
vide Memory and |/O with their own buffers and at the same 
time maintain a direct, common interface to a bi-directional 
Data Bus. The 8216/8226 has separated data in and data 
out lines on one side and acommon bi-directional set on the 
other to accomodate such a function. 


Shown in Figure 3 is an example of how the 8216/8226 is 
used in this type of application. 


The interface to Memory is simple and direct. The memories 
used are typically Intel® 8102, 8102A, 8101 or 8107B-4 and 
have separate data inputs and outputs. The DI and DO lines 
of the 8216/8226 tie to them directly and under control of 
the MEMR signal, which is connected to the DIEN input, 
an interface to the bi-directional Data Bus is maintained. 


The interface to I/O is similar to Memory. The I/O devices 
used are typically Intel® 8255s, and can be used for both 
input and output ports. The I/O R signal is connected di- 
rectly to the DIEN input so that proper data flow from the 
1/O device to the Data Bus is maintained. 
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The 8216/8226 can be used in a wide variety of other buf- 
fering functions in microcomputer systems such as Address 
Bus Drivers, Drivers to peripheral devices such as printers, 
and as Drivers for long length cables to other peripherals or 
systems. 


SYSTEM 
DATA 
BUS 


Figure 2. 8080 Data Bus Buffer 


MEMORY 


BI-DIRECTIONAL DATA BUS (8) 


Figure 3. Memory and I/O Interface 
to a Bidirectional Bus 


8216/8226, 3216/3226 


See 


ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 

Maximum Ratings’ may cause permanent damage to the 

Temperature Under Bias ............. 0°C to 70°C device. This is a stress rating only and functional opera- 

m ‘ tion of the device at these or any other conditions above 

Storage Temperature ............ -65 C to+150°C ee : ; ; ; se 

those indicated in the operational sections of this specifi- 

All Output and Supply Voltages. ...... -0.5V to +7V cation is not implied. Exposure to absolute maximum 

All Input Voltages 206 enn eae en x . -1.0V to +5.5V rating conditions for extended periods may affect device 
Output Currents ....05 ces secs ean ve wens 125 mA reliability. 


D.C. AND OPERATING CHARACTERISTICS 


Ta = 0°C to +70°C,Vec=t5V +5% 


le 4 Input Load Current DIEN, CS S| 0.15 | Ve =0.45 

leo Input Load Current All Other Inputs | | -0.08 | -.25 | mA — Ve =0.45 

IR4 Input Leakage Current DIEN, CS ae Vr =5.25V 

IR2 Input Leakage Current DI Inputs a ae Vr =5.25V 

Ve Input Forward Voltage Clamp Pf at Ic =-bmA 
Output Leakage Current DO 20 LA Vo = 0.45V/5.25V 

lo! DB 100 
(3-State) 

lec Power Supply Current 


utputs lo, =25m 
ow" Voltane 8218 | 6 | V_— | DB Outputs Io, =55mA 
4a um t 
cet ia. 6 | V_ | DB Outputs Io, =50mA 
Vout Output “High” Voltage 3.65 | 40 | = | V_— | DO Outputs lo =-1mA 
VoH2 Output “‘High’’ Voltage | 24 | 30 | |v | DB Outputs Ioy = -10mA 


V 
los Output Short Circuit Current -15 -35 -65 mA DO Outputs Vo = OV, 
-30 -75 -120 | mA DB Outputs Vec=5.0V 


NOTE: Typical values are for Ta = 25°C, Vcc =5.0V. 


wn 
a 
= 
nea 
Se a 
=o 
oc 
lw 
Qa 
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8216/8226, 3216/3226 


WAVEFORMS 


INPUTS 1.5V 


_ 


OUTPUT 
ENABLE 


1.5V 
OUTPUTS ne 


A.C. CHARACTERISTICS 
Ta = 0°C to +70°C, Voc = tov +5% 


Symbol Parameter Min. | Typ.[1] Max. i Conditions 
Tpp1 Input to Output Delay DO Outputs 15 25 ns C, =30pF, R;=300Q2 


R»=60022 


Tpp2 
19 30 ns C, =300pF, R,=9022 
Te Output Enable Time 
ns (Note 2) 


Vv 


Test Conditions: Test Load Circuit > 
Input pulse amplitude of 2.5V. : 
Input rise and fall times of 5 ns between 1 and 2 volts. ' 
Output loading is 5 mA and 10 pF. _ 
Speed measurements are made at 1.5 volt levels. 

Cy. Ra 
CAPACITANCES®! ? 


Parameter 
Input Capacitance 


wm 
ata 
= 
aie 
= 
=o 
fe a 
LSS) 
a 


Output Capacitance 


Test Conditions Veias = 2-5V, Vec =5.0V, Ta = 25°C, f = 1 MHz. 
NOTES: 


1. Typical values are for Ta = 25°C, Voc = 5.0V. 

2. DO Outputs, Cy = 30pF, Rq = 300/10 KQ, Roz = 180/1K2; DB Outputs, CL = 300pF, Ry = 90/10 KQ, Ro = 180/1 KQ. 
3. DO Outputs, Cy = 30pF, R; = 300/10 K2, R2 = 600/1K; DB Outputs, CL = 300pF, Ry = 90/10 KQ, Ra =180/1 KQ. 

4. DO Outputs, Cy = SpF, Ry = 300/10 KQ, Rz = 600/1 KQ; DB Outputs, CL = SpF, Ry = 90/10 KQ, Ro = 180/1 KQ. 

5. This parameter is periodically sampled and not 100% tested. 
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intel 
M8216/M3216* 


4-BIT PARALLEL BIDIRECTIONAL BUS DRIVER 


= Data Bus Buffer Driver for 8080 CPU a 3.40V Output High Voltage for Direct 
Interface to 8080 CPU 
a Low Input Load Current: 0.25 mA 


Maximum = 3-State Outputs 

a High Output Drive Capability for a Full Military Temperature Range 
Driving System Data Bus — 55°C to +125°C 

a 16-Pin Dual In-Line Package =» +10% Power Supply Tolerance 


The M8216 is a 4-bit bidirectional bus driver/receiver. All inputs are low power TTL compatible. For driving MOS, the 
DO outputs provide a high 3.40V Voy, and for high capacitance terminated bus structures, the DB outputs provide a 
high 50 mA Io, capability. The M8216 is used to meet a wide variety of applications for buffering in microcomputer 
systems. 


*Note: The specifications for the M3216 are identical with those for the M8216. 


PIN CONFIGURATION LOGIC DIAGRAM 
8216 


PIN NAMES — 


DB, 


MPU 
PERIPHERALS 


se —_ 
oot Z 

we J 

DO, 5 | 

ee ae 

-_ 

nao a 


eoaieaaciesgeemenioeeeelct 
DATA BUS DO; 0 
BI-DIRECTIONAL 


Diy-DI, | DATA INPUT 
ae + —_ = —— —— 

| DO,-DO,; DATA OUTPUT | 

: ‘DATA IN ENABLE 


DIEN DIRECTION CONTROL 
= = | aie ———e 
CS | CHIPSELECT) 


ll 


DIEN O 
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M8216/M3216 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ............ —55°C to +125°C 
Storage Temperature ............. — 65°C to + 160°C 
All Output and Supply Voltages......... —0.5V to +7V 
All Input Voltages .. 6 ccs ee we we wwe —1.0V to +5.5V 
OUTPUT CUNEINS «chia cso kv Khe conn esd ee 125 mA 


D.C. AND OPERATING CHARACTERISTICS 


Ta = -55 C to +125 C, Vec= +5V +10% 


“COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specitfi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


le4 Input Load Current DIEN, CS P| 0.15 | -5 | mA | Ve =0.45 

t=) Input Load Current All Other Inputs | | 0.08 | =.25 | mA Ve = 0.45 

IR? Input Leakage Current DI Inputs Pf 4 UA VR =5.5V 

Ve Input Forward Voltage Clamp | CO V Ic =-5mA 

VIL Input ‘‘Low”’ Voltage aes Vec = 5V 

Wis Input “High” Voltage p20}  f | Voc = 5V 

llo| Output Leakage Current DO aE LA Vo =.45V to Vcc 

(3-State) DB 100 


Power Supply Current 
VoL1 Output ‘‘Low” Voltage 


VoL2 Output ‘‘Low”’ Voltage Ff OS | 
VouH1 Output ‘’High”’ Voltage | 34 [38 [| 


VOH2 Output ‘‘High” Voltage 


QO 
?) 
oO 
E 
i) 
3 
> 


© 

oe) 
E 

on 


DO Outputs Io, =15mA 
DB Outputs Io, =25mA 


DB Outputs lo. = 45 mA 
DO Outputs Igy = -.5mA 


DO Outputs Ioy =-2mA 
DB Outputs Ioy = -5.OmA 


DO Outputs Vcc = 5.0V 


los Output Short Circuit Current -15 -35 -65 mA 
-30 -75 -120 mA DB Outputs Vcc =5.0V 


NOTE: Typical values are for Ta = 25°C, Vcc = 5.0V. 
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M8216/M3216 


WAVEFORMS 


INPUTS 1.5V 


<+— top 


OUTPUT 
ENABLE 


OUTPUTS 


A.C. CHARACTERISTICS 
T, = -55°C to +125°C, Veg = +5V +10% 


——- 


Symbol Parameter Min. | Typ.(1] Conditions 
Tpp1 Input to Output Delay DO Outputs 15 (NOTE 2) 
Tpp2 Input to Output Delay DB Outputs | | 19 33 | ns (NOTE 2) 
—_ Te Output Enable Time 42 75 ns (NOTE 2) 


Test Conditions Test Load Circuit Vec 


Input pulse amplitude of 2.5V. R, 
Input rise and fall times of 5 ns between 1 and 2 volts. 


CAPACITANCE 


Parameter 


DO Outputs 
DB Outputs 


Test Conditions: = Vgias =2.5V, Voc = 5.0V, Ta = 25°C, f = 1 MHz. 


NOTES: 1. Typical values are for Ta = 25°C, Voc = 5.0V. 


, ENABLE?) 
, ENABLEY) 
, ENABLET) 
, ENABLEJ) 


, DISABLET) 
, DISABLEJ) 
, DISABLET) 
, DISABLEJ) 
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8251A 
PROGRAMMABLE COMMUNICATION INTERFA( 


a Error Detection — Parity, Overrun an 
Framing 


= Synchronous and Asynchronous 
Operation 


a Synchronous — 5-8 Bit Characters; 
Internal or External Character Synchro- 
nization; Automatic Sync Insertion 


= Fully Compatible with 8080/8085 CPU 


a Asynchronous — 5-8 Bit Characters; 
Clock Rate — 1, 16, or 64 Times Baud 
Rate; Break Character Generation; 1, 
12, or 2-Stop Bits; False Start Bit 
Detection; Automatic Break Detect 
and Handling 


= Baud Rate — DC to 64K Baud 


= Full Duplex, Double Buffered, Trans- 
mitter and Receiver = Single TTL Clock 


The Intel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
Receiver/Transmitter (USART), designed for data communications with Intel’s new high performance family of 
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate 
using virtually any serial data transmission technique presently in use (including IBM “‘bi-sync’’). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the 
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data 
transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon 
gate technology. 


= 28-Pin DIP Package 


a All Inputs and Outputs are TTL 
Compatible 


a Single + 5V Supply 


PIN CONFIGURATION BLOCK DIAGRAM 


RxC a : TRANSMIT 
, BUFFER 


(P -S) 


/ — | 
TxD = : TRANSMIT 
Tx EMPTY CONTROL 


CTs 
SYNDET/BD 


TxRDY 


”n PIN NAMES eed 
=z —_ eT ne i | al RECEIVE 
+= Data Bus (8 bits) DSR Data Set Ready CONTROL | K BUFFER <__ RxD 
S x Control or Data ts to be Written or Read | DTR Data Terminal Ready CTS —__. AK, | Ne (S -P) 
= Read Data Conimand RTS A 
c SYNDET/BD | Sync Detect/ X amen © 
je! Write Data or Control Command | Break Detect | | 
Chip Enable — | 
fick Pulse (TTL) | RTS Request to Send Data ] 
Reset GTS Clear to Send Data RuRDY 
> 
Transmitter Clock TxE Transmitter Empty | a - 
: RECEIV RxC 
a one Vec +5 Volt Supply INTERNAL | contro. [7 
—— on GND __ | Ground DATA BUS @& SYNDET 
eceiver Vata } 
Receiver Ready (has character for 8080) 


© Intel Corporation, 1978 


Transmitter Ready (ready for char from 8080) | 
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8251A 


FEATURES AND ENHANCEMENTS 


8251A is an advanced design of the industry stan- 
dard USART, the Intel® 8251. The 8251A oper- 
ates with an extended range of Intel micropro- 
cessors that includes the new 8085 CPU and main- 
tains compatibility with the 8251. Familiarization 
time is minimal because of compatibility and 
involves only knowing the additional features and 
enhancements, and reviewing the AC and DC speci- 
fications of the 8251A. 


The 8251A incorporates all the key features of 
the 8251 and has the following additional features 
and enhancements: 


@ 8251A has double-buffered data paths with 
separate 1/O registers for control, status, 
Data In, and Data Out, which considerably 
simplifies control programming and mini- 
mizes CPU overhead. 


@ In asynchronous operations, the Receiver 
detects and handles ‘‘break’’ automatically, 
relieving the CPU of this task. 


@ A refined Rx _ initialization prevents the 
Receiver from starting when in ‘‘break’’ 
state, preventing unwanted interrupts from 
a disconnected USART. 


@ At the conclusion of a transmission, TxD 
line will always return to the marking state 
unless SBRK is programmed. 
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Tx Enable logic enhancement prevents a 
Tx Disable command from halting trans- 
mission until all data previously written has 
been transmitted. The logic also prevents 
the transmitter from turning off in the middle 
of a word. 


When External Sync Detect is programmed, 
Internal Sync Detect is disabled, and an Ex- 
ternal Sync Detect status is provided via a 
flip-flop which clears itself upon a status read. 


Possibility of false sync detect is minimized 
by ensuring that if double character sync is 
programmed, the characters be contiguously 
detected and also by clearing the Rx register 
to all ones whenever Enter Hunt command is 
issued in Sync mode. 


As long as the 8251A is not selected, the 
RD and WR do not affect the internal opera- 
tion of the device. 


The 8251A Status can be read at any time 
but the status update will be inhibited during 
Status read. 


The 8251A is free from extraneous glitches 
and has enhanced AC and DC characteristics, 
providing higher speed and better operating 
margins. 

Baud rate from DC to 64K. 


Fully compatible with Intel’s new industry 
standard, the MCS-85. 
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8251A 


8251A BASIC FUNCTIONAL DESCRIPTION 


General 


The 8251A is a Universal Synchronous/Asynchronous Re- 
ceiver/Transmitter designed specifically for the 80/85 Micro- 
computer Systems. Like other I/O devices in a Microcom- 
puter System, its functional configuration is programmed 
by the system’s software for maximum flexibility. The 
8251A can support virtually any serial data technique cur- 
rently in use (including IBM “’bi-syne”’). 


In a communication environment an interface device must 
convert parallel format system data into serial format for 
transmission and convert incoming serial format data into 
parallel system data for reception. The interface device must 
also delete or insert bits or characters that are functionally 
unique to the communication technique. In essence, the 
interface should appear ‘’transparent’’ to the CPU, asimple 
input or output of byte-oriented system data. 


Data Bus Buffer 


This 3-state, bidirectional, 8-bit buffer is used to interface 
the 8251A to the system Data Bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
instructions of the CPU. Control words, Command words 
and Status information are also transferred through the 
Data Bus Buffer. The command status and data in, and 
data out are separate 8-bit registers to provide double 
buffering. 

This functional block accepts inputs from the system Con- 
trol bus and generates control signals for overall device 
operation. It contains the Control Word Register and Com- 
mand Word Register that store the various control formats 
for the device functional definition. 


RESET (Reset) 


A “high” on this input forces the 8251A into an ‘‘Idle”’ 
mode. The device will remain at ‘‘Idle’’ until a new set of 
control words is written into the 8251A to program its 
functional definition. Minimum RESET pulse width is 
6 tcy (clock must be running). 


CLK (Clock) 


The CLK input is used to generate internal device timing 
and is normally connected to the Phase 2 (TTL) output of 
the 8224 Clock Generator. No external inputs or outputs 
are referenced to CLK but the frequency of CLK must be 
greater than 30 times the Receiver or Transmitter data 


bit rates. 


WR (Write) 
A “low” on this input informs the 8251A that the CPU is 
writing data or control words to the 8251A. 


RD (Read) 


A “low” on this input informs the 8251A that the CPU is 
reading data or status information from the 8251A. 


C/D (Control/Data) 

This input, in conjunction with the WR and RD inputs, 
informs the 8251A that the word on the Data Bus Is either 
a data character, control word or status information. 
1=CONTROL/STATUS O=DATA 


CS (Chip Select) 

A “low” on this input selects the 8251A. No reading or 
writing will occur unless the device is selected. When CS is 
high, the Data Bus in the float state and RD and WR will 
have no effect on the chip. 


BUFFER 


READ/WRITE 
CONTROL 
LOGIC 


Figure 1. 8251A Block Diagram Showing Data Bus 
Buffer and Read/Write Logic Functions 


C/D RD wR cS 
0 0 1 0 8251A DATA = DATA BUS 
0 1 0 O DATA BUS = 8251A DATA 
a4 0 1 0 STATUS = DATA BUS 
1 1 0 oO DATA BUS = CONTROL 
x 1 1 0 DATA BUS = 3-STATE 
x x xX 1 DATA BUS = 3-STATE 


Modem Control 


The 8251A has a set of control inputs and outputs that can 
be used to simplify the interface to almost any Modem. The 
Modem control signals are general purpose in nature and 
can be used for functions other than Modem control, if 
necessary. 


8251A 


DSR (Data Set Ready) 

The DSR input signal is a general purpose, 1-bit inverting 
input port. Its condition can be tested by the CPU using a 
Status Read operation. The DSR input is normally used to 
test Modem conditions such as Data Set Ready. 


DTR (Data Terminal Ready)! 


The DTR output signal is a general purpose, 1-bit inverting 
output port. It can be set ‘‘low’’ by programming the ap- 
propriate bit in the Command Instruction word. The DTR 
Output signal is normally used for Modem control such as 
Data Terminal Ready or Rate Select. 


RTS (Request to Send) 


The RTS output signal is a general purpose, 1-bit inverting 
output port. It can be set ‘‘low’’ by programming the ap- 
propriate bit in the Command Instruction word. The RTS 
output signal is normally used for Modem control such as 
Request to Send. 


CTS (Clear to Send) 


A “low” on this input enables the 8251A to transmit 
serial data if the Tx Enable bit in the Command byte is 
set to a “one.” If either a Tx Enable off or CTS off condi- 
tion occurs while the Tx is in operation, the Tx will 
transmit all the data in the USART, written prior to Tx 
Disable command before shutting down. 


Transmitter Buffer 


The Transmitter Buffer accepts parallel data from the Data 
Bus Buffer, converts it to a serial bit stream, inserts the 
appropriate characters or bits (based on the communica- 
tion technique) and outputs_a composite serial stream of 
data on the TxD output pin on the falling edge of TxC. 
The transmitter will begin transmission upon being enabled 
if CTS = 0. The TxD line will be held in the marking 
state immediately upon a master Reset or when Tx Enable/ 
CTS off or TxEMPTY. 


Transmitter Control 


The transmitter Control manages all activities associated 
with the transmission of serial data. It accepts and issues 
signals both externally and internally to accomplish this 
function. 


TxRDY (Transmitter Ready) 


This output signals the CPU that the transmitter is ready to 
accept a data character. The TxRDY output pin can be 
used as an interrupt to the system, since it is masked by 
Tx Disabled, or, for Polled operation, the CPU can check 
TxRDY using a Status Read operation. TxRDY is auto- 
matically reset by the leading edge of WR when a data 
character is loaded from the CPU. 


Note that when using the Polled operation, the TxRDY 
status bit is not masked by Tx Enabled, but will only 
indicate the Empty/Full Status of the Tx Data Input 
Register. 
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TxE (Transmitter Empty) 


When the 8251A has no characters to transmit, the TxEMP- 
TY output will go “high”. It resets automatically upon re- 
ceiving a character from the CPU. TxEMPTY can be used to 
indicate the end of a transmission mode, so that the CPU 
“knows” when to “turn the line around” in the half- 
duplexed operational mode. TxEMPTY is independent of 
the Tx Enable bit in the Command instruction. 


In SYNChronous mode, a “‘high’’ on this output indicates 
that a character has not been loaded and the SYNC charac- 
ter or characters are about to be or are being transmitted 
automatically as ‘fillers’. TxEMPTY does not go low 
when the SYNC characters are being shifted out. 


TRANSMIT 
BUFFER 
(P -S) 


TRANSMIT 
CONTROL 


MODEM 
CONTROL 


Figure 2. 8251A Block Diagram Showing Modem and 
Transmitter Buffer and Control Functions 


TxC (Transmitter Clock) 


The Transmitter Clock controls the rate at which the char- 
acter is to be transmitted. In the Synchronous transmission 
mode, the Baud Rate (1x) is equal to the TxC frequency. 
In Asynchronous transmission mode the baud rate is a 
fraction of the actual TxC frequency. A portion of the 
mode instruction selects this factor; it can be 1, 1/16 or 
1/64 the TxC. 


For Example: 


If Baud Rate equals 110 Baud, 
TxC equals 110 Hz (1x) 

TxC equals 1.76 kHz (16x) 
TxC equals 7.04 kHz (64x). 


The falling edge of TxC shifts the serial data out of the 
8251A. 
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Receiver Buffer 


The Receiver accepts serial data, converts this serial input 
to parallel format, checks for bits or characters that are 
unique to the communication technique and sends an 
“assembled” character to the CPU. Serial data is input to 
RxD pin, and is clocked in on the rising edge of RxC. 


Receiver Control 


This functional block manages all receiver-related activities 
which consist of the following features: 


The RxD initialization circuit prevents the 8251A from 
mistaking an unused input line for an active low data 
line in the ‘‘break condition’. Before starting to receive 
serial characters on the RxD line, a valid ‘1’ must first 
be detected after a chip master Reset. Once this has been 
determined, a search for a valid low (Start bit) is en- 
abled. This feature is only active in the asynchronous 
mode, and is only done once for each master Reset. 


The False Start bit detection circuit prevents false starts 
due to a transient noise spike by first detecting the fall- 
ing edge and then strobing the nominal center of the 
Start bit (RxD = low). 


The Parity Toggle F/F and Parity Error F/F circuits are 
used for parity error detection and set the corresponding 
status bit. 


The Framing Error Flag F/F is set if the Stop bit is 
absent at the end of the data byte (asynchronous mode), 
and also sets the corresponding status bit. 


RxRDY (Receiver Ready) 


This output indicates that the 8251A contains a character 
that is ready to be input to the CPU. Rx RDY can be con- 
nected to the interrupt structure of the CPU or, for Polled 
operation, the CPU can check the condition of RxRDY 
using a Status Read operation. 


Rx Enable off both masks and holds RxRDY in the Reset 
Condition. For Asynchronous mode, to set RxRDY, the 
Receiver must be Enabled to sense a Start Bit and a com- 
plete character must be assembled and transferred to the 
Data Output Register. For Synchronous mode, to set 
RxRDY, the Receiver must be enabled and a character 
must finish assembly and be transferred to the Data Output 
Register. 


Failure to read the received character from the Rx Data 
Output Register prior to the assembly of the next Rx Data 
character will set overrun condition error and the previous 
character will be written over and lost. If the Rx Data is 
being read by the CPU when the internal transfer is occur- 
ring, overrun error will be set and the old character will be 
lost. 


RxC (Receiver Clock) 


The Receiver Clock controls the rate at which the character 
is to be received. In Synchronous Mode, the Baud Rate (1x) 
is equal to the actual frequency of RxC. In Asynchronous 
Mode, the Baud Rate is a fraction of the actual RxC fre- 
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quency. A portion of the mode instruction selects this 
factor; 1, 1/16 or 1/64 the RxC. 


For Example: 


Baud Rate equals 300 Baud, if 
RxC equals 300 Hz (1x) 

RxC equals 4800 Hz (16x) 
RxC equals 19.2 kHz (64x). 


Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz (1x) 

RxC equals 38.4 kHz (16x) 
RxC equals 153.6 kHz (64x). 


Data is sampled into the 8251A on the rising edge of RxC. 


NOTE: In most communications systems, the 8251A will 
be handling both the transmission and reception operations 
of a single link. Consequently, the Receive and Transmit 
Baud Rates will be the same. Both TxC and RxC will re- 
quire identical frequencies for this operation and can be 
tied together and connected to a single frequency source 
(Baud Rate Generator) to simplify the interface. 


SYNDET (SYNC Detect)/BRKDET (Break Detect) } 


This pin is used in S¥YNChronous Mode for SYNDET and 
may be used as either input or output, programmable 
through the Control Word. It is reset to output mode low 
upon RESET. When used as an output (internal Sync mode), 
the SYNDET pin will go “high” to indicate that the 8251A 
has located the SYNC character in the Receive mode. If the 
8251A is programmed to use double Sync characters (bi- 
sync), then SYNDET will go “‘high’”’ in the middle of the 
last bit of the second Sync character. SYNDET is auto- 
matically reset upon a Status Read operation. 


RECEIVE 
BUFFER 
(S--P) 


RECEIVE 
CONTROL 


Figure 3. 8251A Block Diagram Showing Receiver 
Buffer and Control Functions 


8251A 


When used as an input (external SYNC detect mode), a 
positive going signal will cause the 8251A to start assem- 
bling data characters on the rising edge of the next RxC. 
Once in SYNC, the “‘high’”’ input signal can be removed. 
the period of RxC. When External SYNC Detect is pro- 
grammed, the Internal SYNC Detect is disabled. 


BREAK DETECT (Async Mode Only) 


This output will go high whenever an all zero word of the 
programmed length (including start bit, data bit, parity bit, 
and one stop bit) is received. Break Detect may also be read 
as a Status bit. It is reset only upon a master chip Reset or 
Rx Data returning to a ‘‘one” state. 


ADDRESS BUS f 


CONTROL BUS. \ 
1/O R} 1/0 W| RESET 2 
(TTL) 


DATA BUS 


Figure 4. 8251A Interface to 8080 Standard 
System Bus 


DETAILED OPERATION DESCRIPTION 


General 


The complete functional definition of the 8251A is pro- 
grammed by the system’s software. A set of control words 
must be sent out by the CPU to initialize the 8251A to 
support the desired communications format. These control 
words will program the: BAUD RATE, CHARACTER 
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or 


ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR- 
ITY, etc. In the Synchronous Mode, options are also pro- 
vided to select either internal or external character synchro- 


nization. 


Once programmed, the 8251A is ready to perform its com- 
munication functions. The TxRDY output is raised ‘*high’’ 
to signal the CPU that the 8251A is ready to receive a data 
character from the CPU. This output (TxRDY) is reset 
automatically when the CPU writes a character into the 
8251A. On the other hand, the 8251A receives serial data 
from the MODEM or I/O device. Upon receiving an entire 
character, the RxRDY output is raised “high” to signal the 
CPU that the 8251A has a complete character ready for the 
CPU to fetch. RxRDY is reset automatically upon the CPU 
data read operation. 


The 8251A cannot begin transmission until the Tx Enable 
(Transmitter Enable) bit is set in the Command Instruction 
and it has received a Clear To Send (CTS) input. The TxD 
output will be held in the marking state upon Reset. 


Programming the 8251A 

Prior to starting data transmission or reception, the 8251A 
must be loaded with a set of control words generated by 
the CPU. These control signals define the complete func- 
tional definition of the 8251A and must immediately fol- 
low a Reset operation (internal or external). 


The control words are split into two formats: 


1. Mode Instruction 
2. Command Instruction 


Mode Instruction 


This format defines the general operationa! characteristics 
of the 8251A. It must follow a Reset operation (internal or 
external). Once the Mode Instruction has been written into 
the 8251A by the CPU, SYNC characters or Command In- 
structions may be inserted. 


Command Instruction 


This format defines a status word that is used to control the 
actual operation of the 8251A. 


Both the Mode and Command Instructions must conform 
to a specified sequence for proper device operation. The 
Mode Instruction must be inserted immediately following a 
Reset operation, prior to using the 8251A for data com- 
munication. 


All control words written into the 8251A after the Mode In- 
struction will load the Command Instruction. Command 
Instructions can be written into the 8251A at any time in 
the data block during the operation of the 8251A. To re- 
turn to the Mode Instruction format, the master Reset bit 
in the Command Instruction word can be set to initiate an 
internal Reset operation which automatically places the 
8251A back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructions or Sync 
characters. 


C/D =1 MODE INSTRUCTION 
C/D = 1 SYNC CHARACTER 1 

eral chceienaisees SYNC MODE 
C/D = 1 SYNC CHARACTER 2 ONLY 


C/D = 1 COMMAND INSTRUCTION 


c/D =0 


C/D = 1 COMMAND INSTRUCTION 


C/D =0 DATA 
C/D = 1 | COMMAND INSTRUCTION 


The second SYNC character is skipped if MODE instruction 
has programmed the 8251A to single character Internal SYNC 
Mode. Both SYNC characters are skipped if MODE instruction 
has programmed the 8251A to ASYNC mode. 


* 


Figure 5. Typical Data Block 
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Mode Instruction Definition 


The 8251A can be used for either Asynchronous or Syn- 
chronous data communication. To understand how the 
Mode Instruction defines the functional operation of the 
8251A, the designer can best view the device as two sepa- 
rate components sharing the same package, one Asynchro- 
nous the other Synchronous. The format definition can be 
changed only after a master chip Reset. For explanation 
purposes the two formats will be isolated. 


NOTE: When parity is enabled it is not considered as one of 
the data bits for the purpose of programming the word 
length. The actual parity bit received on the Rx Data line 
cannot be read on the Data Bus. In the case of a pro- 
grammed character length of less than 8 bits, the least 
significant Data Bus bits will hold the data; unused bits are 
“don't care’’ when writing data to the 8251A, and will be 
‘“‘zeros’’ when reading the data from the 8251A. 


Asynchronous Mode (Transmission) 


Whenever a data character is sent by the CPU the 8251A 
automatically adds a Start bit (low level) followed by the 
data bits (least significant bit first), and the programmed 
number of Stop bits to each character. Also, an even or 
odd Parity bit is inserted prior to the Stop bit(s), as de- 
fined by the Mode Instruction. The character is then trans- 
mitted as a serial data stream on the TxD output. The serial 
data is shifted out on the falling edge of TxC at a rate equal 
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode 
Instruction. BREAK characters can be continuously sent to 
the TxD if commanded to do so. 


When no data characters have been loaded into the 8251A 
the TxD output remains “high’’ (marking) unless a Break 
(continuously low) has been programmed. 


Asynchronous Mode (Receive) 


The RxD line is normally high. A falling edge on this line 
triggers the beginning of a START bit. The validity of this 
START bit is checked by again strobing this bit at its nom- 
inal center (16X or 64X mode only). If a low is detected 
again, it is a valid START bit, and the bit counter will 
start counting. The bit counter thus locates the center of 
the data bits, the parity bit (if it exists) and the stop bits. 
If parity error occurs, the parity error flag is set. Data and 
parity bits are sampled on the RxD pin with the rising edge 
of RxC. If a low level is detected as the STOP bit, the 
Framing Error flag will be set. The STOP bit signals the end 
of a character. Note that the receiver requires only one stop 
bit, regardless of the number of stop bits programmed. This 
character is then loaded into the parallel |/O buffer of the 
8251A. The RxRDY pin is raised to signal the CPU that a 
character is ready to be fetched. If a previous character has 
not been fetched by the CPU, the present character replaces 
it in the I/O buffer, and the OVERRUN Error flag is raised 
(thus the previous character is lost). All of the error flags 
can be reset by an Error Reset Instruction. The occurrence 
of any of these errors will not affect the operation of the 
8251A. 
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D, De Ds Dy Dz DO, BD, Dy 


BAUD RATE FACTOR 


5 6 Z 8 
BITS | BITS | BITS | BITS 
PARITY ENABLE 
1=ENABLE 0O=DISABLE 


EVEN PARITY GENERATION/CHECK 
1=EVEN 0=ODD 


NUMBER OF STOP BITS 
Te [i te[s 
Pee 

1 1% 2 
(ONLY EFFECTS Tx; Rx NEVER 


REQUIRES MORE THAN ONE 
STOP BIT) 


Figure 6. Mode Instruction Format, Asynchronous 
Mode 


GENERATED 
BY 8251A 


TRANSMITTER OUTPUT Do D1---— Dx 


TxD MARKING DATA BITS 


DOES NOT APPEAR 


RECEIVER INPUT Do D1 -—-—-Dx ON THE DATA BUS 


START PARITY STOP 


ieceaeceeatnnnaanticnnmnetinemenatl 
PROGRAMMED 


CHARACTER 
LENGTH 


TRANSMISSION FORMAT 
CPU BYTE (5-8 BITS/CHAR) 


| DATA CHARACTER | 


ASSEMBLED SERIAL DATA OUTPUT (TxD) 


Ea Eid STOP 


RECEIVE FORMAT 


SERIAL DATA INPUT (RxD) 


EY ca STOP 


CPU BYTE (5-8 BITS/CHAR)* 


| DATA CHARACTER | 


*NOTE: IF CHARACTER LENGTH IS DEFINED AS 5,6 OR 7 
BITS THE UNUSED BITS ARE SET TO “ZERO”. 


Figure 7. Asynchronous Mode 
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Synchronous Mode (Transmission) 


The TxD output is continuously high until the CPU sends 
its first character to the 8251A which usually is a SYNC 
character. When the CTS line goes low, the first character 
is serially transmitted out. All characters are shifted out on 
the falling edge of TxC. Data is shifted out at the same 
rate as the TxC. 


Once transmission has started, the data stream at the TxD 
output must continue at the TxC rate. If the CPU does not 
provide the 8251A with a data character before the 8251A 
Transmitter Buffers become empty, the SYNC characters 
(or character if in single SYNC character mode) will be 
automatically inserted in the TxD data stream. In this case, 
the TxEMPTY pin is raised high to signal that the 8251A is 
empty and SYNC characters are being sent out. TxXEMPTY 
does not go low when the SYNC is being shifted out (see 
figure below). The TxEMPTY pin is internally reset by a 
data character being written into the 8251A. 


AUTOMATICALLY INSERTED BY USART 


TxD | DATA | DATA | SYNC 1| SYNC 2 | DATA }----- | 
FALLS UPON CPU WRITING A 
TxEMPTY / \ \ \ \ \ \ \ \ J CHARACTER TO THE USART 


NOMINAL CENTER OF LAST BIT 


Synchronous Mode (Receive) 

In this mode, character synchronization can be internally 
or externally achieved. If the SYNC mode has been pro- 
grammed, ENTER HUNT command should be included in 
the first command instruction word written. Data on the 
RxD pin is then sampled in on the rising edge of RxC. The 
content of the Rx buffer is compared at every bit boundary 
with the first SYNC character until a match occurs. If the 
8251A has been programmed for two SYNC characters, the 
subsequent received character is also compared; when both 
SYNC characters have been detected, the USART ends the 
HUNT mode and is in character synchronization. The 
SYNDET pin is then set high, and is reset automatically by 
a STATUS READ. If parity is programmed, SYNDET 
will not be set until the middle of the parity bit instead of 
the middle of the last data bit. 


In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNDET pin, thus forcing the 
8251A out of the HUNT mode. The high level can be 
removed after one RxC cycle. An ENTER HUNT command 
has no effect in the asynchronous mode of operation. 


Parity error and overrun error are both checked in the same 
way as in the Asynchronous Rx mode. Parity is checked 
when not in Hunt, regardless of whether the Receiver is 
enabled or not. 


The CPU can command the receiver to enter the HUNT 
mode if synchronization is lost. This will also set all the 
used character bits in the buffer to a ‘‘one’’, thus prevent- 
ing a possible false SYNDET caused by data that happens 
to be in the Rx Buffer at ENTER HUNT time. Note that 
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the SYNDET F/F is reset at each Status Read, regardless of 
whether internal or external SYNC has been programmed. 
This does not cause the 8251A to return to the HUNT 
mode. When in SYNC mode, but not in HUNT, Sync Detec- 
tion is still functional, but only occurs at the “known” 
word boundaries. Thus, if one Status Read indicates SYN- 
DET and a second Status Read also indicates SYNDET, 
then the programmed SYNDET characters have been re- 
ceived since the previous Status Read. (If double character 
sync has been programmed, then both sync characters have 
been contiguously received to gate a SYNDET indication.) 
When external SYNDET mode is selected, internal Sync 
Detect is disabled, and the SYNDET F/F may be set at 
any bit boundary. 


5 6 7 8 
BITS | BITS BITS BITS 


PARITY ENABLE 
(1 = ENABLE) 
(0 = DISABLE) 


EVEN PARITY GENERATION/CHECK 
1= EVEN 
0=ODD 


oo, 


SS SINGLE CHARACTER SYNC 
1 = SINGLE SYNC CHARACTER 
0 = DOUBLE SYNC CHARACTER 


EXTERNAL SYNC DETECT 
1 = SYNDET !S AN INPUT 
0 = SYNDET IS AN OUTPUT 


NOTE: IN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHARACTER 
SYNC WILL AFFECT ONLY THE Tx. 


Figure 8. Mode Instruction Format 


CPU BYTES (5-8 BITS/CHAR) 


| DATA CHARACTERS | 


ASSEMBLED SERIAL DATA OUTPUT (TxD) 


i en DATA CHARACTERS 
CHAR 1 CHAR 2 


RECEIVE FORMAT 
SERIAL DATA INPUT (RxD) 


SYNC SYNC | 
CHAR 1 CHAR 2 DATA CHARACTERS 


' CPU BYTES (5-8 BITS/CHAR) 


| _ DATA CHARACTERS | 


Figure 9. Data Format, Synchronous Mode 
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COMMAND INSTRUCTION DEFINITION 


Once the functional definition of the 8251A has been pro- 
grammed by the Mode Instruction and the Sync Characters 
are loaded (if in Sync Mode) then the device is ready to be 
used for data communication. The Command Instruction 
controls the actual operation of the selected format. Func- 
tions such as: Enable Transmit/Receive, Error Reset and 
Modem Controls are provided by the Command Instruction. 


Once the Mode Instruction has been written into the 8251A 
and Sync characters inserted, if necessary, then all further 


“control writes’’ (C/D = 1) will load a Command Instruc- 
tion. A Reset Operation (internal or external) will return 
the 8251A to the Mode Instruction format. 


D,. Dy, -Dg i Dy Dy By O, By 


TRANSMIT ENABLE 


1 = enabie 
0 = disable 


DATA TERMINAL 
READY 

“high” will force OTR 
Output to zero 


RECEIVE ENABLE 
1 = enable 
0 = disable 


SEND BREAK 
CHARACTER 
1 = forces TxD “‘low” 
0 = normal operation 


ERROR RESET 
1 = reset error flags 
PE OE..FE 


REQUEST TO SEND 
= “high” will force RTS 
Output to zero 


INTERNAL RESET 
“high” returns 8251A to 
Mode Instruction Format 


ENTER HUNT MODE* 
1 = enable search for Sync 
Characters 


* (HAS NO EFFECT 
IN ASYNC MODE) 


Note: Error Reset must be performed whenever RxEnable and 
Enter Hunt are programmed. 


Figure 10. Command Instruction Format 


STATUS READ DEFINITION 


In data communication systems it is often necessary to 
examine the ‘‘status’” of the active device to ascertain if 
errors have occurred or other conditions that require the 
processor's attention. The 8251A has facilities that allow 
the programmer to ‘‘read’’ the status of the device at any 
time during the functional operation. (The status update is 
inhibited during status read). 


A normal “read’’ command is issued by the CPU with C/D = 4 
to accomplish this function. 


Some of the bits in the Status Read Furmat have identical 
meanings to external output pins so that the 8251A can be 
used in a completely Polled environment or in an interrupt 
driven environment. TxRDY is an exception. 


Note that status update can have a maximum delay of 28 
clock periods from the actual event affecting the status. 


D, Dg D, D, D; D, D, Dy 
od 


SAME DEFINITIONS AS 1/O PINS 


PARITY ERROR 
The PE flag is set when a parity 
error is detected. It is reset by 
the ER bit of the Command 
Instruction. PE does not inhibit 
operation of the 8251A. 


OVERRUN ERROR 
The OE flag is set when the CPU 
does not read a character before 
the next one becomes available. 

It is reset by the ER bit of the 
Command Instruction. OE does 
not inhibit operation of the 8251A 
however, the previously overrun 
character is lost. 


FRAMING ERROR (Async only) 
The FE flag is set when a valid 
Stop bit is not detected at the 
end of every character. It is reset 
by the ER bit of the Command 
Instruction. FE does not inhibit 
the operation of the 8251A. 


DATA SET READY: Indicates 
that the DSR is at a zero level. 


Note 1: TxRDY status bit has different meanings from the 
TxRDY output pin. The former is not conditioned 
by CTS and TxEN;; the latter is conditioned by both 


CTS and TxEN. 
i.e. TXRDY status bit = DB Buffer Empty 


TxRDY pin out = DB Buffer Empty -(CTS=0)- (TxEN=1) 


Figure 11. Status Read Format 
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APPLICATIONS OF THE 8251A 


ADDRESS BUS 


Sanam Cena rnen cnet nec anemone aaa ean al CONTROL BUS 


ADDRESS BUS J Ugetd | 
CONTROL BUS 


DATA BUS 


DATA BUS 
ASYNC 
| MODEM 
| 
pas + 
RxD |=———_—_—_ EIATOTTL | 
| 
L_———4 BAUD 
RATE 
BAUD RATE GENERATOR TELEPHONE 
GENERATOR LINE 
Figure 12. Asynchronous Serial Interface to CRT Figure 14. Asynchronous Interface to Telephone Lines 


Terminal, DC—9600 Baud 


ADDRESS BUS \ 


CONTROL BUS 


DATA BUS 
= aus —— Lat 
CONTROL BUS RxD 
TxD 
8251A 
AxC Jo<—_— 
SYNC 
MODEM 
SYNCHRONOUS O 
TERMINAL 
OR PERIPHERAL i 
DEVICE TELEPHONE 
: LINE 
Figure 13. Synchronous Interface to Terminal or Figure 15. Synchronous Interface to Telephone Lines 


Peripheral Device 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias......... 0°C to 70°C 
Storage Temperature .............. —65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground. ........... —0.5V to+7V 
Power Dissipation. ..................2004 1 Watt 


D.C. CHARACTERISTICS 
Ta =0°C to 70°C; Vcc = 5.0V +5%; GND = OV 


VIL Input Low Voltage p05 
Vi Input High Voltage 
VoL Output Low Voltage 

VOH Output High Voltage 2.4 

lOFL Output Float Leakage nae 
lec Power Supply Current pn 
CAPACITANCE 


Ta = 25°C; Vec = GND = OV 


Symbol Parameter Min, | 


2vV 


= 


Figure 16. Test Load Circuit 
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“COMMENT: Stresses above those listed under “‘Absolu te 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Unit Test Conditions 


lot =2.2mA 
lOH = -400 vA 
Vout == Vcc TO 0.45V 


He 
oo) 
2 

> 


+ 
o 
= 

> 


VIN = Vec TO 0.45V 
All Outputs = High 


Test Conditions 


fc = 1MHz 


Unmeasured pins returned to GND 


+20 


+10 
€ 
> 
<4 
| 
a) 
“a 0 
=) 
a 
= 
=) 
e) 
“| 

-10 

-20 

-100 -50 0 +50 +100 
-\ CAPACITANCE (pF) 
Figure 17. Typical A Output Delay vs. A 


Capacitance (pF) 
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A.C. CHARACTERISTICS 
Ta = 0°C to 70°C; Vcc = 5.0V +5%; GND = OV 


Bus Parameters (Note 1) 


Read Cycle: 
SYMBOL PARAMETER } MIN. | MAX. | UNIT TEST CONDITIONS 
tar Address Stable Before READ (CS,C/D) | o | | ns | Note2 
tra Address Hold Time for READ (CS, C/D) Po ff ots Note 2 
— READ Pulse Width | 200 | | ns | 


tap Data Delay from READ 200 | ns | 3,C, = 150pF 


Write Cycle: 
SYMBOL PARAMETER | MIN. | MAX. | UNIT | TEST CONDITIONS 
— Address Stable Before WRITE 0 | 
tua Address Hold Time for WRITE 0 


tww WRITE Pulse Width 250 


a 

aa 

| 

tow Data Set Up Time for WRITE | 150 | ons 

twp Data Hold Time for WRITE 0 fF | 
ie 


trv Recovery Time Between WRITES 


NOTES: 1. AC timings measured VQOH = 2.0, VOL = 0.8, and with load circuit of Figure 1. 

. Chip Select (CS) and Command/Data (C/D) are considered as Addresses. 

. Assumes that Address is valid before Rp\. 

. This recovery time is for Mode Initialization only. Write Data is allowed only when TxRDY = 1. 


Recovery lime between Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy. 


BRWN = 


Input Waveforms for AC Tests 


2.4 
2.0 TEST 2.0 
POINTS 
0.45 0.8 0.8 


w 
ae | 
<x 
Cc 
uJ 
eo 
a. 
cc 
uw 
a 
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Other Timings: 


SYMBOL [PARAMETER —~——*(MIN. | MAX, | UNIT | TEST CONDITIONS 
t 
; 


= 
rn |n n 


—}| WwW 
NO} NM 
oe) oO}; oO 


tr, tr Clock Rise and Fall Time 
toTx TxD Delay from Falling Edge of TxC | 1 | Us 
tsRx Rx Data Set-Up Time to Sampling Pulse jews | a 
tHRx Rx Data Hold Time to Sampling Pulse Loe a 
ftx Transmitter Input Clock Frequency 
1x Baud Rate 64 kHz 
16x Baud Rate 310 kHz 
64x Baud Rate 615 kHz 


trpw Transmitter Input Clock Pulse Width 
1x Baud Rate 12 tcy 
16x and 64x Baud Rate 1 tcy 


tTpp Transmitter Input Clock Pulse Delay 
1x Baud Rate 15 tcy 
16x and 64x Baud Rate 3 tcy 
Ty Receiver Input Clock Frequency 
1x Baud Rate DC 64 kHz 
16x Baud Rate DC 310 kHz 
64x Baud Rate DC 615 kHz 
tRew Receiver Input Clock Pulse Width 
1x Baud Rate pe] tcy 
16x and 64x Baud Rate 1 tcy 
tRpep Receiver Input Clock Pulse Delay 
1x Baud Rate 15 —_ tcy 
16x and 64x Baud Rate 3 tcy 
tTxRDY TxRDY Pin Delay from Center of last Bit 8B tcy Note 7 
t Internal SYNDET Delay from Risin 
tes External SYNDET Set-Up Time Before 
tTxEMPTY TxEMPTY Delay from Center of Data Bit tcy Note 7 


twec Control Delay from Rising Edge of 
WRITE (TxEn, DTR, RTS) 


tcr Control to READ Set-Up Time (DSR, CTS) 


toy Note 7 


5. The TxC and RxC frequencies have the following limitations with respect to CLK. 
For 1x Baud Rate, ft, or fry < 1/(30 tcy) 
For 16x and 64x Baud Rate, fry or fry < 1/(4.5 tey) 


”O 
—_d 
< 
= 
ax 
=o 
Cc 
hab 
Qa. 


6. Reset Pulse Width = 6t minimum; System Clock must be running during Reset. 
cy 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 
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WAVEFORMS 
System Clock Input 


tey 
“ry a 7 
Transmitter Clock & Data 


tTPw ————>| tTPD | 


TxC (1x MODE) 
TxC (16xMODE) 


Tx DATA 


Receiver Clock & Data 


(Rx BAUD COUNTER STARTS HERE) 


Rx DATA START BIT DATA BIT DATA BIT 


trep 
trew 
RxC (1x MODE) 
8 RxC PERIODS 


——>|<———— 16 RxC PERI M 
(16x MODE) 6 RxC ODS (16x MODE) 


RxC (16 MODE) 


3 ty 
INT SAMPLING 
PULSE 
‘9 
tsRX <——— tHRX 
Write Data Cycle (CPU — USART) 
TxRDY | 0 SY - 
ke se id CLEAR | 
tww tt 
a ) i 
DON'T CARE DON'T CARE ~ 
DATA IN (D.B.) NW 
bi 
c/D a 
cs 


Read Data Cycle (CPU < USART) . . ef Va 


RxRDY | 


| tRxRDY CLEAR 
= es 
Rd 


= |-—tRD —> I tDF 
F DATA FLOAT 
DATA OUT (D.B.) path Ee! | DATA OUT ACTIVE 


w 
ow 
<x 
on FF 
ee a 
am 
c 
Lu 
p= 


c/D 
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Write Control or Output Port Cycle (CPU — USART) 


(NOTE #1) 
two 
—_ lene 


DATA IN (D.B.) 


c/D 


Read Control or Input Port (CPU < USART) 


TS, eae earns 
(NOTE #2) 


|. tcr —- 
— 
= | 


| i tRD /- tDF 


DATA OUT 
(D.B.) 


c/D 


NOTE #1: Two INCLUDES THE RESPONSE TIMING OF ACONTROL BYTE. 
NOTE #2: Top INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY. 


Transmitter Control & Flag Timing (ASYNC Mode) 


CTS 
Tx EMPTY 
Tx READY 
(STATUS BIT) 
Tx READY 
(PIN) 
i - 
<x c/D 
oc 
uJ 
Ps — 
ax Wr 
lu 
a 
Tx DATA 
DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 m DATA CHAR 4 
=F = 
2s : 
26 : 
EXAMPLE FORMAT =7 BIT CHARACTER WITH PARITY & 2 STOP BITS. 5a B 
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Receiver Control & Flag Timing (ASYNC Mode) 


BREAK DETECT 


OVERRUN ERROR {DATA i 
(STATUS BIT) FSF CHAR 2 
a tRxRDY LOST | 
Oo 5 
Rx RDY 
i 
c/o y 
Wr SE 1 Wr RxEn ! 
Wr LI 
Rd 
—— — — Oo 5 | P 
Rx DATA DOCOQQOT™ VL BOOQO RCT LAO OOU A 
DATA CHAR 1 DATA CHAR 2 DATA CHAR 3 SHAM T NO 
se BREAK ok 
—F a 
an Se 
&< ee 
EXAMPLE FORMAT = 7 BIT CHARACTER WITH PARITY & 2 STOP BITS. aie zo 
? Za ab 


Transmitter Control & Flag Timing (SYNC Mode) 


io} 
n 


Tx EMPTY 


Tx READY 
(STATUS BIT) 


Tx READY 
(PIN) 


Wr COMMAND 
SBRK | 


Wr COMMAND 


[| 2 ee 2 eee 
Wr DATA Wr DATA Wr DATA ik DATA 
CHAR 1 CHAR 2 Pa] CHAR 3 CHAR 4 SBRK | CHAR 5 
= DATA DATA Wi | DATA DATA MARKING DATA SYNC 
MARKING STATE CHAR 1 CHAR 2 CHAR 1 SYNC CHAR 2 CHAR 3 a 4 STATE h CHAR 5 CHAR 
AVAVVAVAPV-V-V-V-V-V-V-V-V-V-VP9-7-V-1-7-¥ - TVS 
TROATA ORRETEQROO I HORARIOORR SORA T Ty BOAREAARGORO ee 


EXAMPLE FORMAT = 5 BIT CHARACTER WITH PARITY, 2 SYNC CHARACTERS. 


Wr DATA 


Receiver Control & Flag Timing (SYNC Mode) 


SYNDET 
(PIN) NOTE =1 d NOTE 2 


us <_— 


SYNDET (S,B) i A A 
© *y y uy) 
b 
oneaeae DATA CHAR 2 | 
ERROR (S,B) raat l 6 
i iis a 


[| Rd STATUS 
Ww 
Rd SYNC eis 
aE 


CHAR 1 
Rd 
‘ ; | DATA DATA 
CARE CHAR 1 CHAR 2 CHAR 1 | scat 2 CHAR 3 CHAR 1 SYNC CHAR 2 DON’T CARE CHAR 1 a er 2 ETC, 


DON'T SYNC SYNC DATA DATA Pca. | SYNC 
BR -\-77-V-1-7--14)-777-77-778 BY-V-V-V51 Vey aYVYVYAV YVAN Y 
Fis TA BOERS EAA NEIO EAD TOIAXAOAT RIAA TOS ITGTIOR IOI 
y CHAR ASSY BEGINS 7 foe 
Rx CLOCK SUL b n 


y 
A EXIT HUNT MODE EXIT HUNT MODE / 
SET SYNC DET SET SYN DET (STATUS BIT) 


c/D 


Rd DATA 


aE Te | 


<2) 
= 
< 
cc 
Lu 
ao 
a 
coc 
we) 
oO. 


C= 
om 


i 


SET SYNDET (STATUS BIT): 


NOTE =1: INTERNAL SYNC, 2 SYNC CHARACTERS, 5 BITS, WITH PARITY 
NOTE =2: EXTERNAL SYNC, 5 BITS, WITH PARITY 
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PROGRAMMABLE COMMUNICATION INTERFACE 


a Synchronous and Asynchronous a» Full Duplex, Double Buffered Trans- 
Operation mitter and Receiver 


= Synchronous — 5 8-Bit Characters; ee ; 
Internal or External Character Synchro- ® Error Detection — Parity, Overrun, an 


nization; Automatic Sync Insertion Framing 


=» Asynchronous — 5 8-Bit Characters; 
Clock Rate — 1, 16, or 64 Times Baud 
Rate; Break Character Generation; 1, 
1%, or 2-Stop Bits; False Start Bit 


= Fully Compatible with 8080 CPU 


a All Inputs and Outputs TTL 


Detection Sompariine 
= Baud Rate — DC to 56K Baud (Sync a Full Military Temperature Range 
Mode), DC to 8.1K Baud (Async Mode) — 55°C to +125°C 


The Intel® M8251 is a universal synchronous/asynchronous receiver/transmitter (USART) chip designed for data com- 
munications in microcomputer systems. The USART is used as a peripheral device and is programmed by the CPU to 
operate using virtually any serial data transmissioin technique presently in use (including IBM “‘bi-sync’’). The USART 
accepts data characters from the CPU in parallel format and then converts them into a continuous serial data stream 
for transmission. Simultaneously it can receive serial data streams and convert them into parallel data characters for 
the CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character for the CPU. The CPU can read the complete status of the USART at any time. These include data 


transmission errors and control signals such as SYNDET, TxEMPT. The chip is constructed using N-channel silicon 
gate technology. 


PIN CONFIGURATION 


BLOCK DIAGRAM 


TRANSMIT 
BUFFER 
(P--S) 


5 READ/WRITE 
C/D___»} CONTROL 
TxEMPTY oe LOGIC 


TRANSMIT 
CONTROL 
CTS WR 


SYNDET 
TxRDY 


| Pin Name | Pin Function 
DSR Data Set Ready 

Data Terminal Ready 
Sync Detect 

Request to Send Data 
Clear to Send Data 
Transmitter Empty 
+5 Volt Supply 
Ground 


RECEIVE 
BUFFER 
(S -P) 


Data Bus (8 bits) 

Control or Data is to be Written or Read 
Read Data Command 

Write Data or Control Command 

Chip Enable 

Clock Pulse (TTL) 


MODEM 
P CONTROL 


MPU 
PERIPHERALS 


Reset 

Transmitter Clock 

Transmitter Data 

Receiver Clock 

Receiver Data 

Receiver Ready (has character for 8080) 
Transmitter Ready (ready for char. from 8080) 


RECEIVE 


DATA BUS 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias... .. -55°C to +125°C 
Storage Temperature.............. —65°C to +150°C 
Voltage On Any Pin 

With Respect toGND.............. -0.5V to +7V 
Power Dissipation ..ccccw cases evi ewan nine 1 Watt 


D.C. CHARACTERISTICS* 


Ta = -55°C to +125°C; Vcc = 5.0V +10%; GND = OV 


Symbol Parameter 


ViL Input Low Voltage 


Vin Input High Voltage 


“2 L Output Low Voltage 


Output High Voltage 


ly Input Load Current 
lec Power Supply Current 


*Note: Military specifications have not yet been established. 


CAPACITANCE 


Ta = 25°C; Vec = GND = OV 


Symbol 
Gn 


Figure 1. Test Load Circuit 


*COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings’’ may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


Test Conditions 


Test Conditions 
fc = 1MHz 


Unmeasured pins returned to GND. 


A OUTPUT DELAY (ns) 


oa) 
cad 
ms 
= w 
= 
=o 
road 
Ww 
ow 


-100 -50 0 +50 +100 


A CAPACITANCE (pF) 


Figure 2. Typical A Output Delay vs. A 
Capacitance (dB) 
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A.C. CHARACTERISTICS*”! 


Ta = -55°C to +125°C; Vcc = 5.0V +10%; GND =0V 


Symbol Parameter | Min. | Typ. | Max. | Unit | Test Conditions 
|} 
| 


toH Data Hold Time for WRITE Pe ae ee 
taw Address Stable before WRITE a ee 
a 


twa Address Hold Time for WRITE 

fen READ Pulse Width a ae 

top Data Delay from READ a ae 7 
a 
a ee 

a a 


tor READ to Data Floating [3] 

tar Address (CE, C/D) Stable before READ 
tra Address (CE, C/D) Hold Time for READ 
tots TxD Delay from Falling Edge of TxC 


- tsrx Rx Data Set-Up Time to Sampling Pulse 


tyurx Rx Data Hold Time to Sampling Pulse 


Tix (11 Transmitter Clock Frequency 
1X Baud Rate 
16X and 64X Baud Rate 


fRx [1] Receiver Clock Frequency 
1X Baud Rate 
16X and 64X Baud Rate 


try TxRDY Delay from Center of Data Bit 


tes RxRDY Delay from Center of Data Bit 
tis Internal Syndet Delay from Center of Data Bit 


tes External Syndet Set-Up Time before Falling 
Edge of RxC 


*Military specifications have not yet been established. Note 1: The TxC and RxC frequencies have the following limitation with respect to CLK. 
For ASYNC Mode, tTx or tRy 2 4.5 tcy 
For SYNC Mode, tty or tRx = 30 tcy 
2. AC timings are measured at V OH = 2.0V, VoL = 0.8V, and load circuit of Figure /1. 
3. Float timings are measured at Voy = 2.48V, VoL = 2.08V 


w 
aad 
3 
~w 
= 
=o 
cc 
uu 
a 


R = 11432 
[ oe pe “ 


fling. = 100pF 
Figure 3. Test Load Circuit 
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8253/8253-5 
PROGRAMMABLE INTERVAL TIMER 


=» MCS—85™ Compatible 8253-5 = Count Binary or BCD 


a 3 Independent 16-Bit Counters 
=a Single +5V Supply 
= DC to 2 MHz 


= Programmable Counter Modes we 24-Pin Dual In-Line Package 


The Intel® 8253 is a programmable counter/timer chip designed for use as anIntel microcomputer peripheral. It uses 
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP. 


It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft- 
ware programmable. 


PIN CONFIGURATION BLOCK DIAGRAM 


2 CLK 0 
DATA 
3 BUS GaNeTEn GATE 0 
4 BUFFER 
OUT 0 
5 
6 
7 
8 
9 CLK 1 
10 COUNTER 
= GATE 1 
OUT 1 
cS 
PIN NAMES CLK 2 
D,-D, DATA BUS (8-BIT) ttle COUNTER a 
CLKN COUNTER CLOCK INPUTS ee eres =2 
GATEN COUNTER GATE INPUTS ine 


INTERNAL BUS cA 


w 
aad 
x 
=> w 
= 
=a 
Cc 
Ww 
oO 
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FUNCTIONAL DESCRIPTION 
General 


The 8253 is a programmable interval timer/counter 
specifically designed for use with the Intel™ Micro- 
computer systems. Its function is that of a general 
purpose, multi-timing element that can be treated as an 
array of I/O ports in the system software. 


The 8253 solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in systems software, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253 with the desired quantity, then upon 
command the 8253 will count out the delay and interrupt 
the CPU when it has completed its tasks. It is easy to see 
that the software overhead is minimal and that multiple 
delays can easily be maintained by assignment of priority 
levels. 


Other counter/timer functions that are non-delay in 
nature but also common to most microcomputers can be 
implemented with the 8253. 
e Programmable Rate Generator 
Event Counter 
Binary Rate Multiplier 
Real Time Clock 
Digital One-Shot 
Complex Motor Controller 


Data Bus Buffer 


This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8253 to the system data bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
CPU instructions. The Data Bus Buffer has three basic 
functions. 


1. Programming the MODES of the 8253. 


2. Loading the count registers. 
3. Reading the count values. 


Read/Write Logic 


The Read/Write Logic accepts inputs from the system bus 
and in turn generates control signals for overall device 
operation. It is enabled or disabled by CS so that no 
operation can occur to change the function unless the 
device has been selected by the system logic. 


RD (Read) 

A “low” on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 

WR (Write) 

A “low” on this input informs the 8253 that the CPU is 


outputting data inthe form of mode information or loading 
counters. 
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AO, A1 


These inputs are normally connected to the address bus. 
Their function is to select one of the three counters to be 
operated on and to address the control word register for 
mode selection. 


CS (Chip Select) 


A “low” on this input enables the 8253. No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 
counters. 


BUFFER 


Figure 1. Block Diagram Showing Data Bus Buffer and 
Read/Write Logic Functions 


0 | 0 | 0 | Load Counter No.0 | 
fo | o | 1] Load Counter No. 1 
Pc eeeeeee Load Counter No. 2 
fo [1 | o [1 | 1 | Write Mode Word 
po | 1 | oO 


Read Counter No. O 
Read Counter No. 1 


Read Counter No. 2 


No-Operation 3-State 


Disable 3-State 
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Control Word Register 


The Control Word Register is selected when AO, A1 are 11. 
It then accepts information from the data bus buffer and 
stores it in a register. The information stored in this 
register controls the operational MODE of each counter, 
selection of binary or BCD counting and the loading of 
each count register. 


The Control Word Register can only be written into; no 
read operation of its contents is available. 


Counter #0, Counter #1, Counter #2 


These three functional blocks are identical in operation so 
only a single Counter will be described. Each Counter 
consists of a single, 16-bit, pre-settable, DOWN counter. 
The counter can operate in either binary or BCD and its 
input, gate and output are configured by the selection of 
MODES stored in the Control Word Register. 


The counters are fully independent and each can have 
separate Mode configuration and counting operation, 
binary or BCD. Also, there are special features in the 
control word that handle the loading of the count value so 
that software overhead can be minimized for these 
functions. 


The reading of the contents of each counter is available to 
the programmer with simple READ operations for event 
counting applications and special commands and logic 
are included in the 8253 so that the contents of each 
counter can be read “on the fly” without having to inhibit 
the clock input. 


8253 SYSTEM INTERFACE 


The 8253 is a component of the Intel™ Microcomputer 
Systems and interfaces in the same manner as all other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral I/O ports; three are 
counters and the fourth is a control register for MODE 
programming. 

Basically, the select inputs AO, A1 connect to the AO, A1 
address bus signals of the CPU. The CS can be derived 
directly from the address bus using a linear select method. 
Or it can be connected to the output of a decoder, such as 
an Intel® 8205 for larger systems. 


COUNTER 
+0 


Figure 2. Block Diagram Showing Control Word 
Register and Counter Functions 


ADDRESS BUS (16) 


CONTROL BUS 


DATA BUS (8) 


© 
RD 


2D 


8253 
COUNTER 
1 


COUNTER 
0 


pecs poe] Ss 


OUT GATE CLK OUT GATE CLK OUT GATE CLK 


COUNTER 
2 


Figure 3. 8253 System Interface 
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OPERATIONAL DESCRIPTION 


General 


The complete functional definition of the 8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
information. These control words program the MODE, 
Loading sequence and selection of binary or BCD 
counting. 


Once programmed, the 8253 is ready to perform whatever 
timing tasks it is assigned to accomplish. 


The actual counting operation of each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 
system have been eliminated. 


Programming the 8253 


All of the MODES for each counter are programmed by the 
systems software by simple I/O operations. 


Each counter of the 8253 is individually programmed by 
writing a control word into the Control Word Register. 
(AO, Ai = 11) 


Control Word Format 


D7 Dg Ds D4 D3 D2 D4 


Definition of Control 
SC — Select Counter: 


Select Counter O 
Select Counter 1 
Select Counter 2 


Counter Latching operation (see 
READ/WRITE Procedure Section) 


Binary Counter 16-bits 


Binary Coded Decimal (BCD) Counter 
(4 Decades) 


MODE Definition 


MODE: Interrupt on Terminal Count. The output will be 
initially low after the mode set operation. After the 
count is loaded into the selected count register, the out- 
put will remain low and the counter will count. When ter- 
minal count is reached the output will go high and re- 
main high until the selected count register is reloaded 
with the mode or a new count is loaded. 


Reloading a counter register during counting results in 
the following: 


(1) Load 1st byte stops the current counting. 
(2) Load 2nd byte starts the new count. 


MODE 1: Programmable One-Shot. The output will go 
low on the count following the rising edge of the gate in- 
put. 


The output will go high on the terminal count. If a new 
count value is loaded while the output is low it will not 
affect the duration of the one-shot pulse until the suc- 
ceeding trigger. The current count can be read at any 
time without affecting the one-shot pulse. 


The one-shot is retriggerable, hence the output will re- 
main low for the full count after any rising edge of the 
gate input. 


Read/Load most significant byte only. 
Read/Load least significant byte only. 
Read/Load least significant byte first, 
then most significant byte. 


MPU 
PERIPHERALS 
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MODE 2: Rate Generator. Divide by N counter. The out- 
put will be low for one period of the input clock. The 
period from one output pulse to the next equals the 
number of input counts in the count register. If the 
count register is reloaded between output pulses the 
present period will not be affected, but the subsequent 
period will reflect the new value. 


The gate input, when low, will force the output high. 
When the gate input goes high, the counter will start 
from the initial count. Thus, the gate input can be used 
to synchronize the counter. 


When this mode is set, the output will remain high until 
after the count register is loaded. The output then can 
also be synchronized by software. 


MODE 3: Square Wave Rate Generator. Similar to MODE 
2 except that the output will remain high until one half 
the count has been completed (for even numbers) and 
go low for the other half of the count. If the count is odd, 
the output will be high for (N+ 1)/2 counts and low for 
(N — 1)/2 counts. 


If the counter register is reloaded with a new value dur- 
ing counting, this new value will be reflected immedi- 
ately after after the output transition of the current 
count. 


MODE 4: Software Triggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the 
output will go low for one input clock period, then will 
go high again. 

If the count register is reloaded between output pulses 
the present period will not be affected, but the subse- 
quent period will reflect the new value. The count will be 
inhibited while the gate input is low. Reloading the 
counter register will restart counting beginning with the 
new number. 


Signal Low 
Status Or Going 
Low 
1) Initiates 
counting 
S| afta ore 
after next clock 


MODE 5: Hardware Triggered Strobe. The counter will 
start counting after the rising edge of the trigger input 
and will go low for one clock period when the terminal 
count is reached. The counter is retriggerable. The out- 
put will not go low until the full count after the rising 


edge of any trigger. 


Disables 
counting 


— 


1) Disables 
counting 

2) Sets output 

immediately 

high 


Enables 
counting 


Initiates 
counting 


1) Disables 


counting Initiates Enables 
2) Sets output counting counting 
immediately 
high 
Disables Enables 
counting counting 


Figure 4. Gate Pin Figuré & Gata Pin Operations Summary =ti(<ét«‘éié«; Summary 
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MODE 0 


I 
| 
| 
| a | i. ee 

5 4 3 2 #1 #0 

OUTPUT (INTERRUPT) l u | J 

(m = 5) —— UE 

A B 

At+B=m 


MODE 1 


eveck JALPLLLL Le 
WRo H J 


TRIGGER 


— |) 


(n = 4) 


OUTPUT 


4 3 2 4 3 210 


OUTPUT 


MODE 2 
clock PLL PLL LL LLL LL 
WRn n=4 n=3 
OUTPUT 4 3 2 1 O(4) 3 2 1 =O(3)2 1 =#«0 
0(3) 3 2 1 O(3) 2 1 «=Of(3) 2 #1 
OUTPUT (n = 3) 


EE i {_ " 


MODE 3 
c.cock JLJSLFLFLILILILILILYFLeLsr Lin 
04) 3 2 1 044) 3 2 1 014 3 2 «1 
OUTPUT (n= 4) 
05) 4 3 2 1 0) 4 3 2 1 O08) 4 3 
OUTPUT (n = 5) 


4 3 2 1 0O(4) 3 2 ~=«1 


RESET a 


MODE 4 
WR n=4 
4 3 2 #1 0 
OUTPUT l j 
LOAD n n=4 
GATE ] J 
4 4 3 2 1 0 
OUTPUT | j 
MODE 5 
GATE J 
4 3 2 1 0 
OUTPUT (n = 4) i j 
GATE | | [ 
4 3 4 3 2 1 #O 
OUTPUT (n = 4) | | 


Figure 5. 8253 Timing Diagrams 
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8253 READ/WRITE PROCEDURE 
Write Operations 


The systems software must program each counter of the 
8253 with the mode and quantity desired. The program- 
mer must write out to the 8253 a MODE control word and 
the programmed number of count register bytes (1 or 2) 
prior to actually using the selected counter. 


The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence of counter selection, e.g., counter #0 does not 
have to be first or counter #2 last. Each counter’s MODE 
control word register has a separate address so that its 
loading is completely sequence independent. (SCO; SC1) 


The loading of the Count Register with the actual count 
value, however, must be done in exactly the sequence 
programmed in the MODE control word (RLO, RL1). This 
loading of the counter’s count register is still sequence 
independent like the MODE control word loading, but 
when a selected count register is to be loaded it must be 
loaded with the number of bytes programmed in the 
MODE control word (RLO, RL1). The one or two bytes to 
‘be loaded in the count register do not have to follow the 
associated MODE control word. They can be programmed 
at any time following the MODE control word loading as 
long as the correct number of bytes is loaded in order. 


All counters are down counters. Thus, the value loaded 
into the count register will actually be decremented. 
Loading all zeroes into a count register will result in the 
maximum count (2'§ for Binary or 104 for BCD). In MODE 0 
the new count will not restart until the load has been 
completed. It will accept one of two bytes depending on 
how the MODE control words (RLO, RL1) are program- 
med. Then proceed with the restart operation. 
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MODE Control Word 
Counter n 
Count Register byte 
Counter n 
Count Register byte 
Counter n 


Note: Format shown is a simple example of loading the 8253 and 
does not imply that it is the only format that can be used. 


Figure 6. Programming Format 


MODE Control Word 
No. 1 
Counter 0 
MODE Control Word 
Counter 1 
MODE Control Word 
Counter 2 
Count Register Byte 
eat Counter 1 ofa 
Count Register Byte 
MSB Counter 1 
LSB Count Register Byte fifo 
Counter 2 
MSB Count Register Byte 
Counter 2 
LSB Count Register Byte 
Counter 0 
Reai 
MSB Count Register Byte fof 


Counter 0 
Note: The exclusive addresses of each counter’s count register make 
the task of programming the 8253 a very simple matter, and 
maximum effective use of the device will result if this feature 
is fully utilized. 


No. 2 


No. 3 


No. 4 


No. 5 


No. 6 


No. 7 


No. 8 


No. 9 


Figure 7. Alternate Programming Formats 
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Read Operations 


In most counter applications it becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 8253 contains logic that will allow 
the programmer to easily read the contents of any of the 
three counters without disturbing the actual count in 
progress. 


There are two methods that the programmer can use to 
read the value of the counters. The first method involves 
the use of simple I/O read operations of the selected 
counter. By controlling the AO, A1 inputs to the 8253 the 
programmer can select the counter to be read (remember 
that no read operation of the mode register is allowed AO, 
A1-11). The only requirement with this method is that in 
order to assure a stable count reading the actual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logic that inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 


first |1/O Read contains the least significant byte (LSB). 


second I/O Read contains the most significant byte 
(MSB). 


Due to the internal logic of the 8253 it is absolutely 
necessary to complete the entire reading procedure. If two 
bytes are programmed to be read then two bytes must be 
read before any loading WR command can be sent to the 
same counter. 


Read Operation Chart 


Read Counter No. 0 
Read Counter No. 1 
Read Counter No. 2 


Reading While Counting 


In order for the programmer to read the contents of any 
counter without effecting or disturbing the counting 
operation the 8253 has special internal logic that can be 
accessed using simple WR commands to the MODE 
register. Basically, when the programmer wishes to read 
the contents of a selected counter “‘on the fly” he loads the 
MODE register with a special code which latches the 
present count value into a storage register so that its 
contents contain an accurate, stable quantity. The 
programmer then issues a normal read command to the 
selected counter and the contents of the latched register is 
available. 


MODE Register for Latching Count 


SC1,SCO— specify counter to be latched. 
D5,D4 


X — don't care. 


— 00 designates counter latching operation. 


The same limitation applies to this mode of reading the 
counter as the previous method. That is, it is mandatory to 
complete the entire read operation as programmed. 


“If an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2 MHz or less. 


Figure 8. MCS-85™ Clock Interface* 
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ABSOLUTE MAXIMUM RATINGS* “COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 


Ambient Temperature Under Bias ........ 0°C to 70°C ; ie 

Storage Temperature .............. —65° C to+-150°C — il ne sidan ae eee dl = iia contin above 

Voltage On Any Pin those indicated in the operational sections of this specifi- 
With RespecttoGround .............. ~0.5Vto+7V cation is not implied. Exposure to absolute maximum 

Power Dissipation .................0. cece eee 1 Watt rating conditions for extended periods may affect device 


reliability. 


D.C. CHARACTERISTICS (ty = 0°C to 70°C; Voc = 5V +5%) 


SYMBOL | PARAMETER == ~—*<||_—sMIN. || MAX. | UNITS TEST CONDITIONS 
Vou owput tow votaw | | ous |v Note 1 

Vou | OutputHigh Vottage | 4 | | | Note 

Ne Input Load Current P| to | Vin = Vec to OV 
lOFL Output Float Leakage LE +10 MA Vout = Vec to OV 


lec Vec Supply Current 


Note 1: 8253, lo, = 1.6 mA; 8253-5, Io, = 2.2mA. 
Note 2: 8253, loy = -150 uA; 8253-5, Igy = -400 pA. 


CAPACITANCE Tp = 25°C; Vcc = GND = OV 


Pomme es [| 


Test Conditions 
fc = 1 MHz 


Unmeasured pins returned to Vss 
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A.C. CHARACTERISTICS § Ty, = 0°C to 70°C; Vcc = 5.0V +5%; GND = OV 


Bus Parameters (Note 1) 


Read Cycle: 


SYMBOL PARAMETER 
tar Address Stable Before READ 


MIN 


ter READ Pulse Width 400 300 


ion Data Delay From READI2I ae 300 Yo 200 n 


tor READ to Data Floating 


Write Cycle: 


ps 
8253 8253-5 
SYMBOL PARAMETER MIN. MAX. 
taw Address Stable Before WRITE 


Address Hold Time for WRITE Fs a 

tinny WRITE Pulse Width | 400 fo 300 Ld n 
tow Data Set Up Time for WRITE 300 ae ae 
oe zz 
Eel ae 


typ Data Hold Time for WRITE 
try Recovery Time Between WRITES 


Notes: 1. AC timings measured at Voy = 2.2, Vo, = 0.8 
2. Test Conditions: 8253, Cy = 100pF; 8253-5: Cy. = 150pF. 


os 
= 
> 
WwW 
: 


Write Timing: Read Timing: 


Ao-1, CS 


tar 


DATA BUS 


ol 
o 


DATA BUS YH 5 IMPEDANCE 7/7, VALID {HIGH IMPEDANCE 


Input Waveforms for A.C. Tests: 


2.4 
a 4 hate 


w 
—_—J 
= 
as 
oe a 
=o 
[o @ 
iw 
ioe 


> TEST POINTS < 


0.8 0.8 


0.45 
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Clock and Gate Timing: 


SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNIT 


tas Gate Set Up Time to CLK* 100 a ae ns 
tee Gate Hold Time After CLKt 50 eee ns 
top Output Delay From CLK! | 400 a ns 


topc Output Delay From GateJ!"! 300 


Note 1: Test Conditions: 8253: Cy = 100pF; 8253-5: Cy = 150pF. 


tpwH tow r tcLk tes —| <— 
CLK 
‘cg ‘GH 
teow 
tou tg top | 
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PROGRAMMABLE PERIPHERAL INTERFACE 


=» MCS-85™ Compatible 8255A-5 a Direct Bit Set/Reset Capability Easing 


= 24 Programmable I/O Pins Control Application Interface 


= Completely TTL Compatible = 40-Pin Dual In-Line Package 


a Fully Compatible with Intel® Micro- 
processor Families 


a Improved Timing Characteristics = Improved DC Driving Capability 


=» Reduces System Package Count 


The Intel® 8255A is a general purpose programmable I/O device designed for use with Intel® microprocessors. It has 
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first 
mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 


PIN CONFIGURATION 8255A BLOCK DIAGRAM 


GROUP 


A 
PORT 
A 


1/0 
PA,-PAS 


1 
2 
3 
4 
5 
6 
7 
8 
9 


BI-OIRECTIONAL DATA BUS 


READ/ 
EAD GROUP GROUP 


8 8 
CONTROL PORT 
8 

‘Bi 


CONTROL 
LOGIC 


rE FS : 
PB,-PBy 


READ INPUT sy. 
WRITE INPUT 

PORT ADDRESS 
PORT A (BIT) 


g VOLTS 


© Intel Corporation, 1978 
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8255A FUNCTIONAL DESCRIPTION 


General 


The 8255A is a programmable peripheral interface (PPI) 
device designed for use in Intel® microcomputer 
systems. Its function is that of a general purpose I/O 
component to interface peripheral equipment to the 
microcomputer system bus. The functional configura- 
tion of the 8255A is programmed by the system software 
so that normally no external logic is necessary to inter- 
face peripheral devices or structures. 


Data Bus Buffer 


This 3-state bidirectional 8-bit buffer is used to interface 
the 8255A to the system data bus. Data is transmitted or 
received by the buffer upon execution of input or output 
instructions by the CPU. Control words and status infor- 
mation are also transferred through the data bus buffer. 


Read/Write and Control Logic 


The function of this block is to manage all of the internal 
and external transfers of both Data and Control or Status 
words. It accepts inputs from the CPU Address and Con- 
trol busses and in turn, issues commands to both of the 
Control Groups. 


(CS) 
Chip Select. A ‘‘low” on this input pin enables the com- 
muniction between the 8255A and the CPU. 


DATA 


BUS 
BUFFER 


(RD) 
Read. A “low” on this input pin enables the 8255A to 
send the data or status information to the CPU on the 


data bus. In essence, it allows the CPU to ‘read from” 
the 8255A. 


(WR) 
Write. A “low” on this input pin enables the CPU to write 
data or control words into the 8255A. 


(Ao and A) 


Port Select 0 and Port Select 1. These input signals, in 
conjunction with the RD and WR inputs, control the 
selection of one of the three ports or the control word 
registers. They are normally connected to the least 
significant bits of the address bus (Ag and A)). 


8255A BASIC OPERATION 
| Ag | RO | wR | CS | INPUT OPERATION (READ) 
| 1 | oo. 


| 0. PORT A = DATA BUS 
PORT B = DATA BUS 
PORT C= DATA BUS 
OUTPUT OPERATION 
(WRITE) 

DATA BUS = PORT A 
DATA BUS = PORT B 
DATA BUS = PORT C 
DATA BUS = CONTROL 
DISABLE FUNCTION 


DATA BUS = 3-STATE 
ILLEGAL CONDITION 


DATA BUS = 3-STATE 


z 


-|O;O 


=-|=|o]/o 


Figure 1. 8255A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions 
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(RESET) 


Reset. A “high on this input clears the control register 
and all ports (A, C, C) are set to the input mode. 


Group A and Group B Controls 

The functional configuration of each port is program- 
med by the systems software. In essence, the CPU “out- 
puts” a control word to the 8255A. The control word con- 
tains information such as ‘‘mode’”’, ‘“‘bit set’, ’bit reset”, 
etc., that initializes the functional configuration of the 
8255. 


Each of the Control blocks (Group A and Group B) accepts 
“commands” from the Read/Write Control Logic, receives 
“control words”’ from the internal data bus and issues the 
proper commands to its associated ports. 


Control Group A — Port A and Port C upper (C7-C4) 
Control Group B — Port B and Port C lower (C3-CO) 


The Control Word Register can Only be written into. No 
Read operation of the Control Word Register is allowed. 


POWER 
SUPPLIES 


GROUP 
A 


ee 


Gl.OIRECTIONAL DATA GUS 


DATA 
D, Oy BUS 


BUFFER 


ee 


8 
CONTROL 


Figure 2. 8225A Block Diagram Showing Group A and 
Group B Control Functions 


GROUP 
A 
Cer PORTC 


Ports A, B, and C 


The 8255A contains three 8-bit ports (A, B, and C). All 
can be configured in a wide variety of functional charac- 
teristics by the system software but each has its own 
special features or ‘‘personality” to further enhance the 
power and flexibility of the 8255A. 


Port A. One 8-bit data output latch/buffer and one 8-bit 
data input latch. 


Port B. One 8-bit data input/output latch/buffer and one 
8-bit data input buffer. 


Port C. One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can be 
divided into two 4-bit ports under the mode control. 
Each 4-bit port contains a 4-bit latch and it can be used 
for the control signal outputs and status signal inputs in 
conjunction with ports A and B. 


PIN CONFIGURATION 


UPPER 
14 


PIN NAMES 


DATA BUS (BI-DIRECTIONAL) 


RESET INPUT 
CHIP SELECT 
READ INPUT 


WRITE INPUT 


PORT A (IT 
PB7-PBO PORT B (BIT) 


PC7-PCO PORT C (BIT) 
Vcc +5 VOLTS 
| GND | @voLTs 
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8255A OPERATIONAL DESCRIPTION 


Mode Selection 


There are three basic modes of operation that can be select- 
ed by the system software: 


Mode 0 — Basic Input/Output 
Mode 1 — Strobed Input/Output 
Mode 2 — Bi-Directional Bus 


When the reset input goes “‘high”’ all ports will be set to 
the input mode (i.e., all 24 lines will be in the high im- 
pedance state). After the reset is removed the 8255A can 
remain in the input mode with no additional initialization 
required. During the execution of the system program 
any of the other modes may be selected using a single 
output instruction. This allows a single 8255A to service 
a variety of peripheral devices with a simple software 
maintenance routine. 


The modes for Port A and Port B can be separately defined, 
while Port C is divided into two portions as required by the 
Port A and Port B definitions. All of the output registers, in- 
cluding the status flip-flops, will be reset whenever the 
mode is changed. Modes may be combined so that their 
functional definition can be ‘“‘tailored’’ to almost any I/O 
structure. For instance; Group B can be programmed in 
Mode 0 to monitor simple switch closings or display compu- 
tational results, Group A could be programmed in Mode 1 
to monitor a keyboard or tape reader on an interrupt-driven 
basis. 


ADDRESS BUS 


CONTROL BUS 


DATA BUS 


MODE 1 B A 
[yo o 1/0 
PB,-PB, CONTROL CONTROL  PA,-PA, 
OR 1/0 OR 1/0 
c 
MODE 2 B pe tS A 
1/0 g BI-DIRECTIONAL 
PB.-PB 1/0 PAPA 
ile CONTROL = 


Figure 3. Basic Mode Definitions and Bus Interface 
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CONTROL WORD 


GROUP B 


PORT C (LOWER) 
1 = INPUT 
0 = OUTPUT 


PORT B 
1 = INPUT 
0 = OUTPUT 


MODE SELECTION 
0 = MODE 0 
1= MODE 1 


GROUP A 


PORT C (UPPER) 
1 = INPUT 
0 = OUTPUT 


PORTA 
1 = INPUT 
0 = OUTPUT 


MODE SELECTION 
00 = MODE 0 
01 = MODE 1 
1X = MODE 2 


MODE SET FLAG 
1= ACTIVE 


Figure 4. Mode Definition Format 


The mode definitions and possible mode combinations 
may seem confusing at first but after a cursory review of 
the complete device operation a simple, logical I/O ap- 
proach will surface. The design of the 8255A has taken 
into account things such as efficient PC board layout, 
control signal definition vs PC layout and complete 
functional flexibility to support almost any peripheral 
device with no external logic. Such design represents 
the maximum use of the available pins. 


Single Bit Set/Reset Feature 


Any of the eight bits of Port C can be Set or Reset using a 
single OUTput instruction. This feature reduces software 
requirements in Control-based applications. 


w 
cy 
= 
> uw 
a = 
Sa 
Cc 
ui 
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CONTROL WORD 


BIT SET/RESET 
1=SET 
0 = RESET 


BIT aaTZtsT 


BIT le FLAG 
0=ACT 


Figure 5. Bit Set/Reset Format 


Operating Modes 


MODE 0 (Basic Input/Output). This functional configura- 
tion provides simple input and output operations for 
each of the three ports. No “handshaking” is required, 
data is simply written to or read from a specified port. 


When Port C is being used as status/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Reset op- 
eration just as if they were data output ports. 


Interrupt Control Functions 


When the 8255A is programmed to operate in mode 1 or 
mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt re- 
quest signals, generated from port C, can be inhibited or 
enabled by setting or resetting the associated INTE flip- 
flop, using the bit set/reset function of port C. 


This function allows the Programmer to disallow or allow a 
specific 1/O device to interrupt the CPU without affecting 
any other device in the interrupt structure. 


INTE flip-flop definition: 


(BIT-SET) — INTE is SET — Interrupt enable 
(BIT-RESET) — INTE is RESET — Interrupt disable 


Note: All Mask flip-flops are automatically reset during 
mode selection and device Reset. 


Mode 0 Basic Functional Definitions: 

@ Two 8-bit ports and two 4-bit ports. 

Any port can be input or output. 

Outputs are latched. 

Inputs are not latched. 

16 different Input/Output configurations are possible 
in this Mode. 


Se Ty ee ae 


CS, A1, AO 


DD ee ee eee 


MODE 0 (Basic Input) 


WR 
wa 
pee | 
oe 

D,-D 

= 4 7™“o 
=o 

oo taw 

a 

CS, A1, AO 

OUTPUT 


tap ———____—> 


twe 


MODE 0 (Basic Output) 
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MODE 0 Port Definition 


A | 8 |  GRoUPA 


Q 
=) 
O 
Cc 
vu 
i] 


N 
fe) 


UTPUT | OUTPUT 
OUTPUT | INPUT 
INPUT OUTPUT 
INPUT INPUT 


E 


[es | 91 |e | rome | Teen Tinoee | one 
D4 PORTA # PORT B 

(UPPER) (LOWER) 
9 | 0 | 0 | 0 | ourpur | oureur | o | oureuT | ourpuT 
0 fo | o | 1 | oureut | oureut | 1 | output | INPUT 
0 fo | 1 | 0 | oureut | ourrur | 2 | input | oureuT 
0 [0 [1 | 1 | oureur | ourrur | 3 | INPUT | INPUT 
o [+ | 0 | 0 | ourrur | input | 4 | oureuT | ourrut 
0 [+ [0 [1 | ourrur | input | 8 | OUTPUT | INPUT 
0 [1 [1 | 0 | oureut | inpur | 6 | input | oureuT 
0 [1 [1 [1 | oureut | ineur | 7 | INPUT | INPUT 
i [0 [0 | 0 | ineur | ourrut | s | ourrut | ourrur 
1 fo [0 [1 | input | oureut | 9 | ourrut | input 
: ourrut 

7 Pourrur 

7 cineuT | 

: PINPUT 


MODE 0 Configurations 


CONTROL WORD #0 CONTROL WORD #2 
D, De Ds BD, Dy Dp BD, Dy Dr De Os 0, Ds Dz Dy Dy 


CONTROL WORD #1 CONTROL WORD #3 
D, Dg Ds Dy Dz Dy, Dy, Dy DB, Dy Dy Dy Dy, Op Dy Dy 


(ep) 
oe 
= 
=e 
a = 
=o 
ja. os 
uJ 
a a, 


PA7-PAy PA,-PAy 

PC,-PC, PC,-PC, 
D7-Dy ~ > 

PC3-PCy PC3-PC, 

PB,-PBy PB7-PBy 
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CONTROL WORD #4 


D, Dg Os Dy Dy D, 
PA,-PAy 
PC,-PC, 


Dz-Dy ———— 


PC,-PCy 


PB, -PBy 


CONTROL WORD #5 
D, D, Dz 


Dg Ds D, OD, 


PA,-PAy 
: PC,-PC, 
D7-Do ———PF 
= PC3-PC, 
8 
PB,-PBy 


CONTROL WORD #6 
D, 


Dg Ds Dy, D3 
PA,-PA, 
PC,-PC, 
D,-Dy < . 


PC3-PCy 


PB,-PB, 


CONTROL WORD #7 


D, Dg Dg Dy Dz Dg D, 

PA,-PA, 
PC,-PC, 
PC.-PCy 


PB,-PB, 
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CONTROL WORD #8 
D, Dg Ds Dy D3 Dz dD, 


PC,-PC, 


PC3-PCy 


PB,-PBy 


CONTROL WORD #9 


D, De Ds Dy, Dz Dz OD, 

PA,-PAy 
PC,-PC, 
0) 


PC3-PCy 


PB,-PBy 


CONTROL WORD #10 


D, Ds 
PA,-PA, 
PC,-PC, 
D,-Dy « » 


PC3-PCy 


PB,-PB, 


CONTROL WORD #11 

D, Ds D, Dz; Dy OD, 
PA,-PAy 
PC,-PC, 


PC3-PC, 


PB,-PBy 
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CONTROL WORD #12 CONTROL WORD #14 


D, D, 0D; D, De Ds Dy D3 Dz OD, 


De Ds D, OD, 


CONTROL WORD #13 CONTROL WORD #15 
D, DB, Dy, D, D, D, D, Do 


De Ds Dy Dg Dg Dy Dz 
PA,-PA, 


PC,-PC, 
Dz-Dy Dz-Dy —_——____—_—>> 


Operating Modes Mode 1 Basic Functional Definitions: 


@ Two Groups (Group A and Group B) 
@ Each group contains one 8-bit data port and one 4-bit 


MODE 1 (Strobed Input/Output). This functional con- 
control/data port. 


figuration provides a means for transferring I/O data to 


or from a specified port in conjunction with strobes or @ The 8-bit data port can be either input or output. 
“handshaking” signals. In mode 1, port A and Port B use Both inputs and outputs are latched. 

the lines on port C to generate or accept these ‘“‘hand- @ The 4-bit port is used for control and status of the 
shaking” signals. 8-bit data port. 
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Input Control Signal Definition 


STB (Strobe Input). A “low” on this input loads data into 
the input latch. 


IBF (Input Buffer Full F/F) 


A “high” on this output indicates that the data has been 
loaded into the input latch; in essence, an acknowledgement 
IBF is set by STB input being low and is reset by the rising 
edge of the RD input. 


INTR (Interrupt Request) 


A “high” on this output can be used to interrupt the CPU 
when an input device is requesting service. INTR is set by 
the STB is a “one”, IBF is a “one” and INTE is a ‘‘one”. 
It is reset by the falling edge of RD. This procedure allows 
an input device to request service from the CPU by simply 
strobing its data into the port. 


INTE A 
Controlled by bit set/reset of PC y. 
INTE B 
Controlled by bit set/reset of PC5. 


STB 


IBF 


tot <_ 


INTR 


INPUT FROM Lo 
PERIPHERAL 


Figure 7. MODE 1 (Strobed Input) 
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MODE 1 (PORT “%, 


CONTROL WORD 
Oo, & 6, 0, B, 6 BD, G = 
STB, 
IBF, 
1 = INPUT 
0 = OUTPUT 


RD ———+o 


CONTROL WORD 
Db, B, D, D, Dy By B, Dy 


UI DDDDT ED 


INTR, 


Figure 6. MODE 1 Input 
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Output Control Signal Definition 


MODE 1 (PORT A) 


OBF (Output Buffer Full F/F). The OBF output will go 
“low” to indicate that the CPU has written data out to 
the specified port. The OBF F/F will be set by the rising D7 Oe Ss By Dy Dz Dy Dy 
edge of the WR input and reset by ACK Input being low. f 1} 0} 1} 0/10) X)X)X] 


PCa s 


ACK (Acknowledge Input). A “low” on this input informs Le 


the 8255A that the data from port A or port B has been ac- 
cepted. In essence, a response from the peripheral 
device indicating that it has received the data output by wR——>o 
the CPU. 


CONTROL WORD 


INTR (Interrupt Request). A ‘high’ on this output can be 
used to interrupt the CPU when an output device has ac- 
cepted data transmitted by the CPU. INTR is set when 
ACK is a “one’’, OBF is a ‘‘one” and INTE is a “one”’. It is 


CONTROL WORD 
D, Dg Dg Dy D3 Dz D, Dy 


WIN A 
reset by the falling edge of WR. DX] TX 
INTEA 
Controlled by bit set/reset of PCg. 
INTE B ae 


Controlled by bit set/reset of PC 5. 


Figure 8. MODE 1 Output 


<= twos | 
Pd ‘ 
INTR \ Pi 

ACK 


me pe a ape Tae 


w 
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= 
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ar 
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a 


OUTPUT 


—twe 


Figure 9. Mode 1 (Strobed Output) 
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Combinations of MODE 1 


Port A and Port B can be individually defined as input or 
output in Mode 1 to support a wide variety of strobed I/O 
applications. 


RD ——+o 


CONTROL WORD 


Dy Dg Dy 0, Dy By Dy Dy 


Rat CREASES 


1 = INPUT 
0 = OUTPUT 


wR——~o 


PORT A — (STROBED INPUT) 
PORT B — (STROBED OUTPUT) 


Figure 10. Combinations of MODE 1 


Operating Modes 


MODE 2 (Strobed Bidirectional Bus I/O). This functional 
configuration provides a means for communicating with 
a peripheral device or structure on a single 8-bit bus for 
both transmitting and receiving data (bidirectional bus 
I/O). ““‘Handshaking” signals are provided to maintain 
proper bus flow discipline in a similar manner to MODE 
1. Interrupt generation and enable/disable functions are 
also available. 


MODE 2 Basic Functional Definitions: 

@ Used in Group A only. 

@ One 8-bit, bi-directional bus Port (Port A) and a 5-bit 
control Port (Port C). 

@ Both inputs and outputs are latched. 

@ The 5-bit control port (Port C) is used for control 
and status for the 8-bit, bi-directional bus port (Port 
A). 


Bidirectional Bus I/O Control Signal Definition 
INTR (interrupt Request). A high on this output can be 


used to interrupt the CPU for both input or output opera- 
tions. 


CONTROL WORD 
D7 Dg Dg Dy Dz Dy Dy Do 


+ {o} 1] o jv} + | 1X 
PGs 
1 = INPUT 


0 = OUTPUT 


RD——+-o 


PORT A — (STROBED OUTPUT) 
PORT B — (STROBED INPUT) 


Output Operations 


OBF (Output Buffer Ful). The OBF output will go “low” 
to indicate that the CPU has written data out to port A. 


ACK (Acknowledge). A ‘“‘low” on this input enables the 
tri-state output buffer of port A to send out the data. 
Otherwise, the output buffer will be in the high im- 
pedance state. 


INTE 1 (The INTE Flip-Flop Associated with OBF). Con- 
trolled by bit set/reset of PCg. 


Input Operations 


STB (Strobe Input). A “low” on this input loads data into 
the input latch. 


IBF (Input Buffer Full F/F). A “high” on this output in- 
dicates that data has been loaded into the input latch. 


INTE 2 (The INTE Flip-Flop Associated with IBF). Con- 
trolled by bit set/reset of PCy. 
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CONTROL WORD 


Tr D, Do 


— INTR, 


OBF , 

PC xy 

20 <——— ACK, 
1 = INPUT 
0 = OUTPUT 
PORT B —_ 

-———$________— 

1= INPUT sl 
0 = OUTPUT 


GROUP B MODE 


0 = MODE 0 
1=MODE 1 3 
6 ——+ a aoet 
Figure 11. MODE Control Word Figure 12. MODE 2 
DATA FROM 


ff CPU TO 8255A 


PERIPHERAL ee ee 
BUS 


/ 
DATA FROM DATA FROM 
PERIPHERAL TO 8255A 8255A TO PERIPHERAL 


DATA FROM 
8255A TO 8080 


Figure 13.. MODE 2 (Bidirectional) 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF « MASK « STB « RD + OBF « MASK « ACK « WR) 
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MODE 2 AND MODE 0 (INPUT) 


CONTROL WORD 
DB, Oy Dy Dy Bs Ds By Dy 


TL DD of [v0 


1 = INPUT 
0 = OUTPUT 


MODE 2 AND MODE 1 (OUTPUT) 


INTR, 
OBF, 
CONTROL WORD rary 
ACK, 
D, Dg Ds Dy Dy D, D, Dy 
i Dpto ze 
ZN STB, 
IBF, 
OBF, 
WwW 
—_/ 
< — 
+ RD me, <<." 
a 
=o 
c 
wd _ 
WR INTRg 


Figure 14. MODE 2 Combinations 


MODE 2 AND MODE 0 (OUTPUT) 


CONTROL WORD 
By Dy. 'D, Dy Dy Dy Dy Dy 


1 = INPUT 
0 = OUTPUT 


MODE 2 AND MODE 1 (INPUT) 


CONTROL WORD 


D, Dg Ds Dy Dy Dp D, Do 


PE kbd LX 


STB, 

IBF, 

STB, 
RD ————+o IBF, 
WR ————o INTR, 


8255A/8255A-5 


Mode Definition Summary 


Special Mode Combination Considerations 


There are several combinations of modes when not all of the 
bits in Port C are used for control or status. The remaining 
bits can be used as follows: 


If Programmed as Inputs — 
All input lines can be accessed during a normal Port C 
read. 


If Programmed as Outputs — 
Bits in C upper (PC7-PC,) must be individually accessed 
using the bit set/reset function. 


Bits in C lower (PC3-PCo) can be accessed using the bit 
set/reset function or accessed as a threesome by writing 
into Port C. 


Source Current Capability on Port B and Port C 


Any set of eight output buffers, selected randomly from 
Ports B and C can source 1mA at 1.5 volts. This feature 
allows the 8255 to directly drive Darlington type drivers 
and high-voltage displays that require such source current. 


Reading Port C Status 


In Mode 0, Port C transfers data to or from the peripheral 
device. When the 8255 is programmed to function in Modes 
1 or 2, Port C generates or accepts ‘‘hand-shaking’’ signals 
with the peripheral device. Reading the contents of Port C 


GROUP A ONLY 


<=___—_ > 


MODE 0 
OR MODE 1 
ONLY 


allows the programmer to test or verify the ‘‘status’’ of each 
peripheral device and change the program flow accordingly. 


There is no special instruction to read the status informa- 
tion from Port C. A normal read operation of Port C is 
executed to perform this function. 


INPUT CONFIGURATION 


D, Ds DB DB Dy OB BD, 2B 
= JI 


T 
GROUP A 


T 
GROUP B 


OUTPUT CONFIGURATION 


D; De Ds D, D3 Dy D, Do 
L —.— —Jt_____—_______ 


GROUP A 


GROUP B 


Figure 15. MODE 1 Status Word Format 


SEEEEDET 


| 


‘ 
GROUP A GROUP B 


(DEFINED BY MODE 0 OR MODE 1 SELECTION) 


Figure 16. MODE 2 Status Word Format 
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INTERRUPT 
REQUEST 


APPLICATIONS OF THE 8255A 


The 8255A is a very powerful tool for interfacing 


peripheral equipment to the microcomputer system. It FULLY 
represents the optimum use of available pins and is flex- | haere 
ible enough to interface almost any I/O device without 

the need for additional external logic. MODE 1 _ 

Each peripheral device in a microcomputer system pera + nae, 
usually has a “service routine’ associated with it. The | 

routine manages the software interface between the | STROBE 


device and the CPU. The functional definition of the 
8255A is programmed by the I/O service routine and 
becomes an extension of the system software. By ex- 
amining the I/O devices interface characteristics for 
both data transfer and timing, and matching this infor- 
mation to the examples and tables in the detailed opera- | i BURROUGHS 
tional description, a control word can easily be devel- er 
oped to initialize the 8255A to exactly ‘‘fit” the applica- | 

tion. Figures 17 through 23 present a few examples of 


typical applications of the 8255A. eee BACKSPACE 
(OUTPUT) 
| CLEAR 
DATA READY 
INTERRUPT ACK 
REQUEST BLANKING 


CANCEL WORD 


INTERRUPT 
REQUEST 
HIGH-SPEED 
PRINTER 


Figure 18. Keyboard and Display Interface 


MODE 1 
(OUTPUT) | 


INTERRUPT 
REQUEST 


HAMMER 
RELAYS 


DATA READY 
ACK 

PAPER FEED 
FORWARD/REV 


PC3 FPA, 


FULLY 
DECODED 
KEYBOARD 


MODE 1 
(INPUT) | 


DATA READY 
ACK 
PAPER FEED 


FORWARD/REV 


SHIFT 


CONTROL 
MODE 1 
(OUTPUT) 


RIBBON 
CARRIAGE SEN. 
DATA READY 

ACK 


STROBE 
ACKNOWLEDGE 
BUSY LT 
TEST LT 


ep) 

— 

Po P TERMINAL 
aw CONTROL LOGIC AND DRIVERS ADDRESS 
sa INTERRUPT mm 

a REQUEST 

uu 

e = 

{INPUT} ~ ae 
Figure 17. Printer Interface z= 


Figure 19. Keyboard and Terminal Address Interface 


12-90 


8255A/8255A-5 


INTERRUPT 
REQUEST 


FLOPPY DISK 
CONTROLLER 
AND DRIVE 


MODE 0 
(OUTPUT) 


N 
CONVERTER ANALOG OUTPUT 


(DAC) 


DATA STB 
ACK (IN) 
DATA READY 
ACK (OUT) 


MSB 


STB DATA 


OUTPUT EN 
TRACK “0” SENSOR 


SYNC READY 
INDEX 


BIT 


SET/RESET 
SAMPLE EN 


ENGAGE HEAD 
FORWARD/REV. 
CONVERTER |<— ANALOG INPUT READ ENABLE 
(ADC) eens WRITE ENABLE 
(OUTPUT) DISC SELECT 
ENABLE CRC 
TEST 


BUSY LT 


MODE 0 
(INPUT) 


Figure 20. Digital to Analog, Analog to Digital Figure 22. Basic Floppy Disc Interface 
INTERRUPT idl 
REQUEST ae 


CRT CONTROLLER 

@ CHARACTER GEN. 
@ REFRESH BUFFER 
@ CURSOR CONTROL 


8 LEVEL 
PAPER 
TAPE 

READER 


MODE 1 


| SHIFT 
MaDe: | (INPUT) 


(OUTPUT) | CONTROL 


DATA READY 
ACK 
BLANKED 
BLACK/WHITE 


STOP/GO 


8255A MACHINE TOOL 


START/STOP 
LIMIT SENSOR (H/V) 
OUT OF FLUID 


MODE 0 
(INPUT) 


ROW STB 
COLUMN STB 
CURSOR H/V STB 


CHANGE TOOL 


LEFT/RIGHT 
UP/DOWN 

HOR. STEP STROBE 
VERT. STEP STROBE 
SLEW/STEP 

FLUID ENABLE 
EMERGENCY STOP 


MODE 0 _| 
(OUTPUT) | PB, 
im: CURSOR/ROW/COLUMN 
: ADDRESS 


| MODE 0 
| PB, H&V (OUTPUT) 
| PBs 
| PBs 


Figure 21. Basic CRT Controller Interface Figure 23. Machine Tool Controller Interface 


12-91 


wa 
~_—/ 
<x 
me 
oe a 
=o 
co 
lu 
Qa. 


8255A/8255A-5 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias......... 
Storage Temperature 
Voltage on Any Pin 
With Respect to Ground. ........... 
Power Dissipation 


=—0:.5V to +7V 
1 Watt 


eas SC 2 0 Ce se Se Ree BCR eo KK CS B 


D.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Voc = +5V +5%; GND = OV 


SYMBOL PARAMETER 
Vit Input Low Voltage 
Vi Input High Voltage 


Vo. (DB) | Output Low Voltage (Data Bus) 


Vo. (PER) Output Low Voltage (Periphera! Port) 
Vou (DB) 
VoH(PER)} Output High Voltage (Peripheral Port) 


Output High Voltage (Data Bus) 
2 


Note 1: Available on any 8 pins from Port B and C. 
CAPACITANCE 


Ta = 25°C; Vec = GND = OV 


| 
= N nN 
oO; }/ & oO 


TYP. 


It} it | a S\i< = 
oO}1}o|o on} © Po 


— 


*COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional opera- 
tion of the device at these or any other conditions above 
those indicated in the operational sections of this specifi- 
cation is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 


T TEST CONDITIONS 


; lo. = 2.5mA 
lot = 1.7mA 
lon = -400uA 
lon = -200UA 


Rext = 75022; VexT= 15V 


Vin = Vcc to OV 
Vout = Vcc to OV 


‘= | 5 
BIBS / 21 <| <|<}<|<|/</2 


Unmeasured pins returned to GND 


*VexT is set at various voltages during testing to guarantee the specification. 


Figure 24. Test Load Circuit (for dB) 
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A.C. CHARACTERISTICS 
Ta = 0°C to 70°C; Vcc = +5V +5%; GND = OV 


Bus Parameters 


Read: 
| 825A 
Write: 
825A 
Other Timings: 
a ee 
tear STB =1 to INTR = 111 ar: ns 
— ACK = 1 to INTR = 111] | | 360 ns 
wr [we ow wre) [| oe : 


Notes: 1. Test Conditions: 8255A: Cy = 100pF; 8255A-5: Cy = 150pF. 
2. Period of Reset pulse must be at least 50us during or after power on. 
Subsequent Reset pulse can be 500 ns min. 


12-93 


8255A/8255A-5 


2.4 


20 2.0 
=> TEST POINTS —" 
0.8 —™ 0.8 
0.45 


Figure 25. Input Waveforms for A.C. Tests 


INPUT FROM 
AR 
RD \ /  reencnaaerecen es 
Ka 


INPUT 


CS, Al, AO 


Figure 28. MODE 1 (Strobed Input) 


}o——__— tan - tor —- 


wR 


D,-0 


¢S, A1. AO 


OUTPUT 


Figure 27. MODE 0 (Basic Input) Figure 29. MODE 1 (Strobed Output) 


DATA FROM 
8080 TO 8255 


<«_—__—__ tp, ——___» 


‘sa. 


PERIPHERAL if ee  e 
BUS 


ioe) 
peti 
= 
= 
oe 
=a 
Cc 
lu 
a 


P 
DATA FROM DATA FROM 
PERIPHERAL TO 8255 8255 TO PERIPHERAL 


DATA FROM 
8255 TO 8080 


NOTE: Any sequence where WR occurs before ACK and STB occurs before RD is permissible. 
(INTR = IBF « MASK « STB « RD + OBF * MASK « ACK « WR ) 


Figure 30. MODE 2 (Bidirectional) 
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m= 24 Programmable I/O Pins 
= Completely TTL Compatible 


a Fully Compatible with MCS-80™ 
Microprocessor Family 


= Full Military Temperature Range 
— 55°C to +125°C 


M8255A “% 
PROGRAMMABLE PERIPHERAL INTERFAC 


a Direct Bit Set/Reset Capability Easing So, 


Control Application Interface 
= 40-Pin Dual In-Line Package 
= Reduces System Package Count 


=» +10% Power Supply Tolerance 


The Intel® M8255A is a general purpose programmable I/O device designed for use with microprocessors. It has 24 I/O 
pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first mode 
(MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand- 
shaking and interrupt control signals. The third mode of operation (MODE 2) is a bidirectional bus mode which uses 8 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. 


Other features of the M8255A include bit set and reset capability and the ability to source 1 mA of current at 1.5 volts. 
This allows darlington transistors to be directly driven for applications such as printers and high voltage displays. 


PIN CONFIGURATION 


POWER 
SUPPLIES 


M8255A 


BI DIRECTIONAL DATA BUS 


D, Oo 


PIN NAMES 
T aa | 
D,—Dy DATA BUS (BI-DIRECTIONAL) | 
RESET | RESET INPUT 
[ és “| CHIP SELECT 
| RD | READ INPUT | o 
[WR WRITE INPUT 7 i 
AO, Al PORT ADDRESS 
PA7-PAO PORT A (BIT) 
PB7-PBO. | PORT B (BIT) 
PC7-PCO_| PORT C (BIT) 
Z +5 VOLTS 
9 VOLTS 
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BUS 
BUFFER 


M8255A BLOCK DIAGRAM 


GROUP 


xe Ke 
UPPER Regen 
(4) 


8 BIT 
INTERNAL 
DATA BUS 


GROUP 


8 
os Ee ane .* 
LOWER Cy PCo 
(4) 


GROUP 


CONTROL 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias... .. -55°C to +125°C 

Storage Temperature.............. —65°C to +150°C 

Voltage On Any Pin 
With Respect to GND 


Power Dissipation 


D.C. CHARACTERISTICS 1, = -55°C to +125°C; 


Maximum Ratings’’ may cause permanent dan 
device. This is a stress rating only and funet 


those indicated in the operational sections of this.spec 
cation is not implied. Exposure to absolute maximur 
rating conditions for extended periods may affect device 
reliability. 


Voc = +5V +10%; GND = OV 


svmeou| PARAMETER | MIN.| wax. [UNIT | __ TEST CONDITIONS 
vou (08) Outpt Low VotueeTOxw Gua | | 045 | V | loc=25mA 
ce | Power Suply Curent ++ a0 

Note 1: Available on any 8 pins from Port B and C. 


A.C. CHARACTERISTICS Tj =-55°C to +125°C, Voc = +5V 10%; GND = OV 


ee 
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Per. Data After T.E. of STB mc 2 : : 


tsi STB = 1 to INTR = 11" — | 300 «| | 300 ns 
—- ACK = 1 to INTR = 1111 |} 350 | st 8850 ns 


CAPACITANCE Ta = 25°C, Vcc = GND = OV 


SYMBOL PARAMETER ) MIN, 


Cio |/O Capacitance 
R = 114322 
| ovr }-—-—w pt ee BEY 


Lf 


Figure 31. Test Load Circuit 


DATA FROM 
/, 8080 TO 8255 
4 


PERIPHERAL 


PERIPHERALS 


/ 
TA FROM DATA FROM 
PERIPHERAL TO 8255 8255 TO PERIPHERAL 


DATA FROM 
8255 TO 8080 


Figure 32. MODE 2 (Bidirectional) 
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8257/8257-5 
PROGRAMMABLE DMA CONTROLLER 


= MCS-85'™ Compatible 8257-5 a Auto Load Mode 
a 4-Channel DMA Controller a Single TTL Clock 


a Priority DMA Request Logic = Single +5V Supply 
a Channel Inhibit Logic 

= Expandable 
a Terminal Count and Modulo 128 


Outputs = 40-Pin Dual In-Line Package 


The Intel® 8257 is a 4-channel direct memory access (DMA) controller. It is specifically designed to simplify the 
transfer of data at high speeds for the Intel® microcomputer systems. Its primary function is to generate, upon a 
peripheral request, a sequential memory address which will allow the peripheral to read or write data directly to or 
from memory. Acquisition of the system bus in accomplished via the CPU’s hold function. The 8257 has priority logic 
that resolves the peripherals requests and issues a composite hold request to the CPU. It maintains the DMA cycle 
count for each channel and outputs a control signal to notify the peripheral that the programmed number of DMA 
cycles is complete. Other output control signals simplify sectored data transfers and expansion to other 8257 devices 
for systems that require more than 4 channels of DMA controlled transfer. The 8257 represents a significant savings in 
component count for DMA-based microcomputer systems and greatly simplifies the transfer of data at high speed be- 
tween peripherals and memories. 


PIN CONFIGURATION BLOCK DIAGRAM 
VOR(}1 NA, 
ow] 2 Ag 
MEM RL] 3 JAS 
MEM WL] 4 PJ A, ee 
mark] 5 AT en as = ho 
READY[] 6 PI A3 ° DACK 0 
HLDA[ ] 7 LIA, 
ADDSTB[] 8 
9 


AEN( 32 LIAg 2 DRQ 1 
HRQL 1) Vec \/OR 
asc (ow + —~c TTF ’ 
cLKO ue DACK 1 
RESET LI 28 | JD, RESET ————» 
DACK 2(] 


DRQ 2 


DRO 2 24 L]DACK 1 : 
pRo 1L 23 LIp . CNTR DACK 2 
5 
pro ot] 221, a ok 
GND [| 21} JD, A | 
° - DRQ 3 
As | ttt iat 
A nl ADDR 
7 pa ree 
vo mee F-- — 
aS Pos DATA BUS ADDRESS ENABLE | READY ————>- 
ud —- 
az ADDRESS BUS ADDRESS STROBE 
= 1/0 READ TERMINAL COUNT HRO 
a t — 
a 1/0 WRITE MODULO 128 MARK HLDA PRIORITY 
DMA REQUEST MEMR RESOLVER 
_| INPUT - MEMW 
CLOCK INPUT DMA ACKNOWLEDGE — 
= | ee ADSTB 
RESET INPUT Fa Si ee Ea a” INTERNAL 
+ — = = 
READY Vec | +5 VOLTS 7 | SRG ieee 
HOLD REQUEST ae ‘GROUND 


(TO 8080A) 


HOLD ACKNOWLEDGE 
(FROM 8080A) 


© Intel Corporation, 1978 
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FUNCTIONAL DESCRIPTION 


General 


The 8257 is a programmable, Direct Memory Access 
(DMA) device which, when coupled with a single Intel® 
8212 |/O port device, provides a complete four-channel 
DMA controller for use in Intel® microcomputer systems. 
After being initialized by software, the 8257 can transfer a 
block of data, containing up to 16,384 bytes, between 
memory and a peripheral device directly, without further 
intervention required of the CPU. Upon receiving a DMA 
transfer request from an enabled peripheral, the 8257: 


e Acquires control of the system bus. 


e Acknowledges that requesting peripheral which is 
connected to the highest priority channel. 


e Outputs the least significant eight bits of the memory 
address onto system address lines Ao-A7, outputs 
the most significant eight bits of the memory address 
to the 8212 I/O port via the data bus (the 8212 
places these address bits on lines Ag-Aj4s5), and 


e Generates the appropriate memory and 1|/O read/ 
write control signals that cause the peripheral to 
receive or deposit a data byte directly from or to the 
addressed location in memory. 


The 8257 will retain control of the system bus and repeat 
the transfer sequence, as long as a peripheral maintains its 
DMA request. Thus, the 8257 can transfer a block of data 
to/from a high speed peripheral (e.g., asector of dataona 
floppy disk) in a single “burst”. When the specified 
number of data bytes have been transferred, the 8257 
activates its Terminal Count (TC) output, informing the 
CPU that the operation is complete. 


The 8257 offers three different modes of operation: 
(1) DMA read, which causes data to be transferred from 
memory to a peripheral; (2) DMA write, which causes 
data to be transferred from a peripheral to memory; 
and (3) DMA verify, which does not actually involve the 
transfer of data. When an 8257 channel is inthe DMA verify 
mode, it will respond the same as described for transfer 
operations, except that no memory or I/O read/write 
control signals will be generated, thus preventing the 
transfer of data. The 8257, however, will gain control of the 
system bus and will acknowledge the peripheral’s DMA 
request for each DMA cycle. The peripheral can use these 
acknowledge signals to enable an internal access of each 
byte of a data block in order to execute some verification 
procedure, such as the accumulation of a CRC (Cyclic 
Redundancy Code) checkword. For example, a block of 
DMA verify cycles might follow a block of DMA read cycles 
(memory to peripheral) to allow the peripheral to verify its 
newly acquired data. 


Block Diagram Description 


1. DMA Channels i By 
The 8257 provides four separate DMA channels (labeled 


CH-0 to CH-3). Each channel includes two sixteen-bit 


registers: (1) a DMA address register, and (2) a termi- 
nal count register. Both registers must be initialized 
before a channel is enabled. The DMA address register is 
loaded with the address of the first memory location to be 
accessed. The value loaded into the low-order 14-bits of 
the terminal count register specifies the number of DMA 
cycles minus one before the Terminal Count (TC) output 
is activated. For instance, a terminal count of 0 would 
cause the TC output to be active in the first DMA cycle for 
that channel. In general, if N= the number of desired DMA 
cycles, load the value N-1 into the low-order 14-bits of the 
terminal count register. The most significant two bits of the 
terminal count register specify the type of DMA operation 
for that channel: 


Figure 1. 8257 Block Diagram Showing DMA 
Channels 
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These two bits are not modified during a DMA cycle, but 
can be changed between DMA blocks. 


Each channel accepts a DMA Request (DRQn) input and 
provides a DMA Acknowledge (DACKn) output: 


(DRQ 0-DRQ 3) 


DMA Request: These are individual asynchronous chan- 
nel request inputs used by the peripherals to obtainaDMA 
cycle. If not in the rotating priority mode then DRQ 0 has 
the highest priority and DRQ 3 has the lowest. A request 
can be generated by raising the request line and holding it 
high until OMA acknowledge. For multiple DMA cycles 
(Burst Mode) the request line is held high until the DMA 
acknowledge of the last cycle arrives. 


(DACK 0 - DACK 3) 


DMA Acknowledge: An active low level on the acknowl- 
edge output informs the peripheral connected to that 
channel that it has been selected for a DMA cycle. 


2. Data Bus Buffer 


This three-state, bi-directional, eight bit buffer interfaces 
the 8257 to the system data bus: 


(Do-D7) 


Data Bus Lines: These are bi-directional three-state lines. 
When the 8257 is being programmed by the CPU, eight- 
bits of data for a DMA address register, a terminal count 
register or the Mode Set register are received on the data 
bus. When the CPU reads a DMA address register, a 
terminal count register or the Status register, the data is 
sznt to the CPU over the data bus. During DMA cycles 
(when the 8257 is the bus master), the 8257 will output the 
most significant eight-bits of the memory address (from 
one of the DMA address registers) to the 8212 latch via the 
data bus. These address bits will be transferred at the 
beginning of the DMA cycle; the bus will then be released 
to handle the memory data transfer during the balance of 
the DMA cycle. 


TYPE OF DMA OPE 


Verify DMA Cycle 
Write DMA Cycle ~ 
Read DMA Cycle. ~ 

(INegal) * 


it = CF OC 


Figure 2. 8257 Block Diagram Showing Data Bus 
Buffer 
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3. Read/Write Logic 


When the CPU is programming or reading one of the 
8257's register (i.e., when the 8257 is a “slave” device on 
the system bus), the Read/Write Logic accepts the |/O 
Read (I7OR) or I/O Write (I/OW) signal, decodes the least 
significant four address bits, (Ao-A3), and either writes the 
contents of the data bus into the addressed register (if 
I/OW is true) or places the contents of the addressed 
register onto the data bus (if I/OR is true). 


During DMA cycles (i.e, when the 8257 is the bus 
“master’), the Read/Write Logic generates the I/O read 
and memory write (DMA write cycle) or |/O Write and 
memory read (DMA read cycle) signals which control the 
data link with the peripheral that has been granted the 
DMA cycle. 


Note that during DMA transfers Non-DMA I/O devices 
should be de-selected (disabled) using “AEN” signal to 
inhibit |1/O device decoding of the memory address as an 
erroneous device address. 


(OR) 


1/O Read: An active-low, bi-directional three-state line. In 
the “slave” mode, it is an input which allows the 8-bit 
status register or the upper/lower byte of a 16-bit DMA 
address register or terminal count register to be read. In 
the “master” mode, I/OR is a control output which is used 
to access data from a peripheral during the DMA write 
cycle. 


(OW) 


1/O Write: An active-low, bi-directional three-state line. In 
the “slave” mode, it is an input which allows the contents 
of the data bus to be loaded into the 8-bit mode set register 
or the upper/lower byte of a 16-bit DMA address register 
or terminal count register. In the “master” mode, |/OWisa 
control output which allows data to be output to a 
peripheral during a DMA read cycle. 


(CLK) 

Clock Input: Generally from an Intel® 8224 Clock 
Generator device. (¢@2 TTL) 

(RESET) 


Reset: An asynchronous input (generally from an 8224 
device) which clears all control lines and disables all 
DMA channels by clearing the mode register. 


(Ap-Aq) 6 ®, 
Address Lines: These least significant four add 3 
are bi-directional. In the “slave” mode they. are inputs 


which select one of the registers to be 


‘read. 


programmed. In the “master” mode, they are outputs. 


which constitute the least significant four bits of the 16-bit 
memory address generated by the 8257. 


(CS) 

Chip Select: An active-low input which enables the I/O 
Read or |/O Write input when the 8257 is being read or 
programmed in the “slave” mode. In the ‘master’ mode, 


CS is automatically disabled to prevent the chip from 
selecting itself while performing the DMA function. 


Figure 3. 8257 Block Diagram Showing 
Read/Write Logic Function 
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4. Control Logic 


This block controls the sequence of operations during all 
DMA cycles by generating the appropriate control signals 
and the 16-bit address that specifies the memory location 
to be accessed. 


(Ag-A7) 


Address Lines: These four address lines are three-state 
outputs which constitute bits 4 through 7 of the 16-bit 
memory address generated by the 8257 during all DMA 
cycles. 


(READY) 


Ready: This asynchronous input is used to elongate the 
memory read and write cycles in the 8257 with wait states 
if the selected memory requires longer cycles. 


(HRQ) 


Hold Request: This output requests control of the system 
bus. In systems with only one 8257, HRQ will normally be 
applied to the HOLD input on the CPU. 


(HLDA) 


Hold Acknowledge: This input from the CPU indicates 
that the 8257 has acquired control of the system bus. 


(MEMR) 


Memory Read: This active-low three-state output is used 
to read data from the addressed memory location during 
DMA Read cycles. 


(MEMW) 


Memory Write: This active-low three-state output is used 
to write data into the addressed memory location during 
DMA Write cycles. 


(ADSTB) 


Address Strobe: This output strobes the most significant 
byte of the memory address into the 8212 device from the 
data bus. 


(AEN) 


Address Enable: This output is used to disable (float) the 
System Data Bus and the System Control Bus. It may also 
be used to disable (float) the System Address Bus by use 
of an enable on the Address Bus drivers in systems to 
inhibit non-DMA devices from responding during DMA 
cycles. It may be further used to isolate the 8257 data bus 
from the System Data Bus to facilitate the transfer of the 8 
most significant DMA address bits over the 8257 data I/O 
pins without subjecting the System Data Bus to any 
timing constraints for the transfer. When the 8257 is used 
in an 1!/O device structure (as opposed to memory 
mapped), this AEN output should be used to disable the 
selection of an I/O device when the DMA address is on the 
address bus. The 1/O device selection should be 
determined by the DMA acknowledge outputs for the 4 
channels. 
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(TC) 


Terminal Count: This output notifies the. C 
selected peripheral that the present DMA cycle sho 
the last cycle for this data block. If the TC STOP bit:in thi 
Mode Set register is set, the selected channel willbe 
automatically disabled at the end of that DMA cycle. TGis 
activated when the 14-bit value in the selected channel’s 
terminal count register equals zero. Recall that the low- 
order 14-bits of the terminal count register should be 
loaded with the values (n-1), where n =the desired number 
of the DMA cycles. 


Hotly 


(MARK) 


Modulo 128 Mark: This output notifies the selected 
peripheral that the current DMA cycle is the 128th cycle 
since the previous MARK output. MARK always occurs at 
128 (and all multiples of 128) cycles from the end of the 
data block. Only if the total number of DMA cycles (n) is 
evenly divisable by 128 (and the terminal count register 
was loaded with n-1), will MARK occur at 128 (and each 
succeeding multiple of 128) cycles from the beginning of 
the data block. 


Figure 4. 8257 Block Diagram Showing Control Logic 
and Mode Set Register 
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5. Mode Set Register 


When set, the various bits in the Mode Set register enable 
each of the four DMA channels, and allow four different 
options for the 8257: 


Enables AUTOLOAD 
Enables TC STOP 
Enables EXTENDED WRITE 
Enables ROTATING PRIORITY 


Enables DMA Channel 0 
Enables DMA Channel 1 
Enables DMA Channel 2 
Enables DMA Channel 3 


The Mode Set register is normally programmed by the 
CPU after the DMA address register(s) and terminal 
count register(s) are initialized. The Mode Set Register is 
cleared by the RESET input, thus disabling all options, 
inhibiting all channels, and preventing bus conflicts on 
power-up. A channel should not be left enabled unless its 
DMA address and terminal count registers contain valid 
values; otherwise, an inadvertent DMA request (DRQn) 
from a peripheral could initiate a DMA cycle that would 
destroy memory data. 


The various options which can be enabled by bits in the 
Mode Set register are explained below: 


Rotating Priority Bit 4 


In the Rotating Priority Mode, the priority of the channels 
has a circular sequence. After each DMA cycle, the 
priority of each channel changes. The channel which had 
just been serviced will have the lowest priority. 


If the ROTATING PRIORITY bit is not set (set to a zero), 
each DMA channel has a fixed priority. In the fixed priority 
mode, Channel 0 has the highest priority and Channel 3 
has the lowest priority. If the ROTATING PRIORITY bit is 
set to a one, the priority of each channel changes after 
each. DMA cycle (not each DMA request). Each channel 
moves up to the next highest priority assignment, while 
the channel which has just been serviced moves to the 
lowest priority assignment: 


CHANNEL 
JUST SERVICED 


L eee 


Priority —> 
Assignments 


Lowest 


Note that rotating priority will prevent-any 0 
from monopolizing the DMA mode; consecu’ 
cycles will service different channels if more thé 
channel is enabled and requesting service. “Alf 
operations began with Channel 0 initially assigned: 
highest priority for the first DMA cycle. 


Extended Write Bit 5 


If the EXTENDED WRITE bit is set, the duration of both the 
MEMW and |/OW signals is extended by activating them 
earlier in the DMA cycle. Data transfers within micro- 
computer systems proceed asynchronously to allow 
use of various types of memory and I/O devices with 
different access times. If a device cannot be accessed 
within a specific amount of time it returns a “not ready” 
indication to the 8257 that causes the 8257 to insert one or 
more wait states in its internal sequencing. Some devices 
are fast enough to be accessed without the use of wait 
states, but if they generate their READY response with the 
leading edge of the I/OW or MEMW signal (which 
generally occurs late in the transfer sequence), they 
would normally cause the 8257 to enter a wait state 
because it does not receive READY in time. For systems 
with these types of devices, the Extended Write option 
provides alternative timing for the |1/O and memory write 
signals which allows the devices to return an early READY 
and prevents the unnecessary occurrence of wait states in 
the 8257, thus increasing system throughput. 


TC Stop Bit 6 


If the TC STOP bit is set, a channel is disabled (i.e., its 
enable bit is reset) after the Terminal Count (TC) output 
goes true, thus automatically preventing further DMA 
operation on that channel. The enable bit for that channel 
must be re-programmed to continue or begin another 
DMA operation. If the TC STOP bit is not set, the 
occurrence of the TC output has no effect on the channel 
enable bits. In this case, it is generally the responsibility of 
the peripheral to cease DMA requests in order to terminate 
a DMA operation. 


Auto Load Bit 7 


The Auto Load mode permits Channel 2 to be used for 
repeat block or block chaining operations, without 
immediate software intervention between blocks. Chan- 
nel 2 registers are initialized as usual for the first data 
block; Channel 3 registers, however, are used to store the 
block re-initialization parameters (DMA starting address, 
terminal count and DMA transfer mode). After the first 
block of DMA cycles is executed by Channel 2 (i.e., after 
the TC output goes true), the parameters stored in the 
Channel 3 registers are transferred to Channel 2 during an 
“update” cycle. Note that the TC STOP feature, described 
above, has no effect on Channel 2 when the Auto Load bit 
is set. 
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If the Auto Load bit is set, the initial parameters for 
Channel 2 are automatically duplicated in the Channel 3 
registers when Channel 2 is programmed. This permits 
repeat block operations to be set up with the programming 
of a single channel. Repeat block operations can be used 
in applications such as CRT refreshing. Channels 2 and 3 
can still be loaded with separate values if Channel 2 is 
loaded before loading Channel 3. Note that in the Auto 
Load mode, Channel 3 is still available to the user if the 
Channel 3 enable bit is set, but use of this channel will 
change the values to be auto loaded into Channel 2 at 
update time. All that is necessary to use the Auto Load 
feature for chaining operations is to reload Channel 3 
registers at the conclusion of each update cycle with the 
new parameters for the next data block transfer. 


Each time that the 8257 enters an update cycle, the update 
flag in the status register is set and parameters in Channel 
3 are transferred to Channel 2, non-destructively for 
Channel 3. The actual re-initialization of Channel 2 occurs 
at the beginning of the next channel 2 DMA cycle after the 
TC cycle. This will be the first DMA cycle of the new data 
block for Channel 2. The update flag is cleared at the 
conclusion of this DMA cycle. For chaining operations, 
the update flag in the status register can be monitored by 
the CPU to determine when the re-initialization process 
has been completed so that the next block parameters can 
be safely loaded into Channel 3. 


PARAMETERS | . PARAMETERS |. 
FOR BLOCK 1 FOR BLOCK 2 


~ PARAMETERS | 
FOR BLOCK 3 


- 


-elETC - 


UPDATE FLAG 


Figure 5. Autoload Timing 


8257 Register Selection 


ADDRESS INPUTS “BIDIRECTIONAL DATA BUS 


Cm boel CS EES 


REGISTER BYTE jo |e | 2 | D; 
CH-0 DMA Address LsB 0 0 0 A A A A Ai Ay Ay Ao 
MSB 0 0 1 An | Aw] An] A Air | Aw | As Ax 
CH-0 Terminal Count LsB 0 1 0 c Cc. / Cc. | Cc cc c Co 
MSB ° 1 1 Ad | Wr} Ci. | Cc Ci jc c Cc. 
CH-1 DMA Address LsB 0 0 0 
MsB 0 0 1 Same as Channel 0 
CH-1 Terminal Count LsB t) 1 0 
MSB t) 1 1 
CH-2 DMA Address tsB 0 0 0 
mse ry 0 1 Same as Channel 0 
CH-2 Terminal Count LsB6 0 1 0 
MSB 0 1 1 
CH-3 DMA Address LsB 0 0 ° 
MSB 0 0 1 Same as Channel 0 
CH-3 Terminal Count LsB ° 1 0 
mss ° 1 1 
MODE SET (Program only) - 1 0 o AL |TCS| EW! RP | EN3 | EN2/EN1 | ENO 
STATUS (Read only) _ 1 0 t) o 0 ° up | TC3 | TC2| TC1 | TCO 


“AirAis. OMA Starting Address, C.-C: Terminal Count value (N-1), Rd and Wr: OMA Verify (00). Write (01) or Read (10) cycle selection, 
AL: Auto Load. TCS: TCSTOP. EW: EXTENDED WRITE. RP: ROTATING PRIORITY, EN3-ENO CHANNEL ENABLE MASK.UP: UPDATE 
FLAG, TC3-TCO: TERMINAL COUNT STATUS BITS 
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6. Status Register 
The eight-bit status register indicates, whi é 
have reached a terminal count condition and ingle 
update flag described previously. 


7 6 5 4 3 2 1 0 


TC STATUS FOR CHANNEL 0 
TC STATUS FOR CHANNEL 1 
TC STATUS FOR CHANNEL 2 
TC STATUS FOR CHANNEL 3 


UPDATE FLAG 


The TC status bits are set when the Terminal Count (TC) 
output is activated for that channel. These bits remain set 
until the status register is read or the 8257 is reset. The 
UPDATE FLAG, however, is not affected by a status 
register read operation. The UPDATE FLAG can be 
cleared by resetting the 8257, by changing to the non-auto 
load mode (i.e., by resetting the AUTO LOAD bit in the 
Mode Set register) or it can be left to clear itself at the 
completion of the update cycle. The purpose of the 
UPDATE FLAG is to prevent the CPU from inadvertently 
skipping a data block by overwriting a starting address or 
terminal count in the Channel 3 registers before those 
parameters are properly auto-loaded into Channel 2. 


READY e VERIFY 


READY + VERIFY READY 


HRQ@®HLDA 


2 
(2) 1. HRQ is set if DRQn is active. 


2. HRQ is reset if DRQn is not active. 


Figure 6. DMA Operation State Diagram 
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Programming and Reading the 8257 Registers 


There are four pairs of “channel registers’: each pair 
consisting of a 16-bit DMA address register and a 16-bit 
terminal count register (one pair for each channel). The 
8257 also includes two “general registers’: one 8-bit 
Mode Set register and one 8-bit Status register. The 
registers are loaded or read when the CPU executes a 
write or read instruction that addresses the 8257 device 
and the appropriate register within the 8257. The 8228 
generates the appropriate read or write control signal 
(generally 1/OR or |/OW while the CPU places a 16-bit 
address on the system address bus, and either outputs the 
data to be written onto the system data bus or accepts the 
data being read from the data bus. All or some of the most 
significant 12 address bits A4-Ais (depending on the 
systems memory, |/O configuration) are usually decoded 
to produce the chip select (CS) input to the 8257. An I/O 
Write input (or Memory Write in memory mapped |/O 
configurations, described below) specifies that the 
addressed register is to be programmed, while an |/O 
Read input (or Memory Read) specifies that the addressed 
register is to be read. Address bit 3 specifies whether a 
“channel register” (A3 = 0) or the Mode Set (program 
only)/Status (read only) register (A3=1) is to be accessed. 


The least significant three address bits, Ao-A2, indicate the 
specific register to be accessed. When accessing the 
Mode Set or Status register, Ao-A2 are all zero. When 
accessing a channel register bit Ao differentiates between 
the DMA address register (Ao = 0) and the terminal count 
register (Ao = 1), while bits A; and Az specify one of the 


CONTROL INPUT 


Program Half of a 
Channel Register 


Read Half of a 
Channel Register 


Program Mode Set 
Register 


Read Status Register 


four channels. Because the “channel registers” are 16- 
bits, two program instruction cycles are required to load 
or read an entire register. The 8257 contains a first/last 
(F/L) flip flop which toggles at the completion of each 
channel program or read operation. The F/L flip flop 
determines whether the upper or lower byte of the register 
is to be accessed. The F/L flip flop is reset by the RESET 
input and whenever the Mode Set register is loaded. To 
maintain proper synchronization when accessing the 
“channel registers” all channel command instruction 
operations should occur in pairs, with the lower byte of a 
register always being accessed first. Do not allow CS to 
clock while either {/OR or I/OW is active, as this will cause 
an erroneous F/L flip flop state. In systems utilizing an 
interrupt structure, interrupts should be disabled prior to 
any paired programming operations to prevent an 
interrupt from splitting them. The result of such a split 
would leave the F/L F/F inthe wrong state. This problem is 
particularly obvious when other DMA channels are 
programmed by an interrupt structure. 
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DMA Operation 


Internal 8257 operations may procest 
different states. The duration of a state is define 

clock input. When the 8257 is not executing a DMA 
it is in the idle state, S;. ADMA cycle begins whervort 
more DMA Request (DRQn) lines become active. «: 


8257 then enters state So, sends a Hold Request (HRQ) to . 


the CPU and waits for as many So states as are necessary 
for the CPU to return a Hold Acknowledge (HLDA). For 
each So state, the DMA Request lines are again sampled 
and DMA priority is resolved (according to the fixed or 
rotating priority scheme). When HLDA is received, the 
DMA Acknowledge (DACKn) line for the highest priority 
requesting channel is activated, thus selecting that 
channel and its peripheral for the DMA cycle. The 8257 
then proceeds to state S;. Note that the DMA Request 
(DRQn) input should remain high until either DACKn is 
received for asingle DMA cycle service, or until both the 
DACKn and TC outputs are received when transferring an 
entire data block in a “burst” mode. If the 8257 should lose 
control of the system bus (i.e., if HLDA goes false), the 
DMA Acknowledge will be removed after the current DMA 
cycle is completed and no more DMA cycles will occur 
until the 8257 again acquires control of the system bus. 


Each DMA cycle will consist of at least four interna! 
states: S1, S2, S3, and Sq. If the access time for the memory 
or I/O devices involved is not fast enough to return the 
required READY response and complete a byte transfer 
within the specified amount of time, one or more wait 
states (SW) are inserted between states S3 and Sq. Recall 
that in certain cases the Extended Write option can 
eliminate the need for a wait state. Note that a READY 
response is not required during DMA verify cycles. 
Specified minimum/maximum values for READY setup 
time (trs), write data setup time (tpw), read data access 
time (trp) and HLDA setup time (tas) are listed under A.C. 
CHARACTERISTICS and are illustrated in the accom- 
panying timing diagrams. 


During DMA write cycles, the |/O Read (I/OR) output is 
generated at the beginning of state S2 and the Memory 
Write (MEMW) output is generated at the beginning of S3. 
During DMA read cycles, the Memory Read (MEMR) 
output is generated at the beginning of state S» andthe I/O 
Write (I/OW) output goes true at the beginning of of state 
S3. Recall that no read or write control signals are 
generated during DMA verify cycles. Extended WR for 
MEM and I/O will be generated in Sp. 


Memory Mapped I/O Configurations 


The 8257 can be connected to the system bus as amemory 
device instead of as an I/O device for memory mapped I/O 
configurations by connecting the system memory control 
lines to the 8257’s I/O control lines and the system I/O 
control lines to the 8257’s memory control lines. 


This configuration permits use of the 8080's considerably 
larger repertoire of memory instructions when reading or 
loading the 8257’s registers. Note that with this 
connection, the programming of the Read (bit 15) and 
Write (bit 14) bits in the terminal count register will have a 
different meaning: 
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1/0 RD BIT 15 BIT 14 
awit READ WRITE 


DMA verity Cycle 


MEM RD 0 
MEM WR 0 DMA Read Cyc¢te_ 
1 DMA Write Cy¢te 
1 Illegal é 
Figure 7. System Interface for Memory Mapped 1/O Figure 8. TC Register for Memory Mapped I/O Only 
=| 
1 | 1 L “ 
=~ r M4 DATA BUS 
—_—-.—--_ YY ¢ 
_ ow | [- ie eek 
- ee a 
Figure 9. Detailed System Interface Schematic 
SYSTEM APPLICATION EXAMPLES 
= a bon ESS BUS - : _ 
c — — — - Cc it —_ i "CONTROL BUS | 4 
, — | I — if] | 
_ i] as fi = i | _L _ Lt a : ) 
s : ae recs a ores ersten 
4 | \Z. < S MEMORY 


pa 
MEMORY 


DMA CONTROLLER 


Figure 10. Floppy Disk Controller (4 Drives) Figure 11. High-Speed Communication Controller 
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“COMMENT: Stresses above those listed, 
Maximum Ratings” may cause permanent d 
device. This is a stress rating only and functiona : 

Ambient Temperature Under Bias......... O°C to 70°C tion of the device at these or any other conditi 18.ab 

Storage Temperature.............. —65°C to +150°C those indicated in the operational sections of this'sp sifi- j 

Voltage on Any Pin cation is not implied. Exposure to absolute maxifiy 

With Respect to Ground. ........... —0.5V to +7V rating conditions for extended periods may affect devicé 

Power Dissipation ....0..44 0000 nese dw wae wae 1 Watt reliability. 


ABSOLUTE MAXIMUM RATINGS* 


D.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Voc = +5V + 5%, GND = OV 


VoH Output High Voltage 


UNIT | TEST CONDITIONS 


Tmax. [unr | 
P08 | vos 
Vec Volts lon=-150uA for AB, 
DB and AEN 
lon=-80yA for others 
+10 
+10 


mA 
MA Vin = Vcc to OV 


0 
2.4 
VHH HRQ Output High Voltage x aE 


ie Input Leakage 
lOFL Output Leakage During Float 


! 
t =) 
o 


CAPACITANCE 
Ta = 25°C; Voc = GND = OV 


PARAMETER MIN, | | 


1/O Capacitance 


SYMBOL 


Unmeasured pins 
returned to GND 


w” 
sail 
<< 
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oe af 
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A.C. CHARACTERISTICS: PRIPHERAL (SLAVE) MODE 
Ta = 0°C to 70°C, Vec = 5.0V +5%; GND = OV (Note 1). 


8080 Bus Parameters 
Read Cycle: 


Max. | Unit | Test Conditions », |* 


= 
=] 
s 
te¥) 
x 
=| 


Symbol Parameter 
Tar Adr or CS Setup to RD 
TRA Adr or CSt Hold from RD* 
Trp Data Access from RDJ 
Tok DB-Float Delay from RD* 
TRR RD Width 


=) 
n 


(Note 2) 


N 
o1 
© 


oO 
Ww 
= 
oO . 
N 
So 
) 


a) 


Write Cycle: 

Symbol Parameter Unit Test Conditions 
Taw Adr Setup to WRJ 
Twa Adr Hold from WRt 0 
Tpw Data Setup to WRT 200 200 
Two Data Hold from WRt 
Tww WR Width 200 200 


=) 


20 150 20 100 ns 


= 


SD 


> © 
NO 
O1 
~ 
= o1 
D 
x 
wn wn wn ~ wn wn wn 


=) 


Other Timing: 
8257 8257-5 
Min. Max. Unit Test Conditions 


= 
=| 
= 
se) 
x 


Symbol Parameter 


TrRstw Reset Pulse Width 


=) 


TRsTpD Power Supply? (Vcc) Setup to Reset 500 500 
T; Signal Rise Time 


ie) 
oO . 
oO 
w 
oO 
i) 


NO NO 
il 
NO 
NO NO 
oO | oO 
n” ” nn n 


Te Signal Fall Time n 
Notes: 1. All timing measurements are made at the following reference voltages unless specified otherwise: Input ‘1 at 2.0V, “0” at 0.8V 
2. 8257: Cy = 100pF, 8257-5: Cy = 150pF. Output “1” at 2.0V, ‘’0” at 0.8V 
8257 PERIPHERAL MODE TIMING DIAGRAMS 
Write Timing: Read Timing: 
——T aw <Twa 


CHIP SELECT CHIP SELECT 


Taw —>Twa 
<= Tow >|< Two < >| 
VOWR \. f DATA BUS 


Reset Timing: | Input Waveform for A.C. Tests: 


2.4 
2.0 2.0 

~~ ee 
RESET sae TEST POINTS — ” 


0.45 
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Tpa HROt or JDelay from 6 t(SI,S4) 
(measured at 2.0V)!1! 


Tpa1 HROQt or {Delay from 07 (SI,S4) 
(measured at 3.3V)!9! 


THs HLDA?t or {Setup to 64(SI,S4) 

TAEL AEN? Delay from 64(S1)l1! 

TAET AEN} Delay from 67 (SI)!1] 

TAEA Adr (AB) (Active) Delay from AENTt(S1)!41 
TFAAB Adr(AB) (Active) Delay from 6 t(S1)l2! 
TAFAB Adr (AB) (Float) Delay from 6% (SI)[2! 
TAsM Adr(AB) (Stable) Delay from 6 t(S1)[2! 
TAH Adr(AB) (Stable) Hold from 6 (S1)l?! 
TAHR Adr(AB) (Valid) Hold from Rdt(S1,S1)[4! 
TAHW Adr(AB) (Valid) Hold from Wrt(S1,S1)[4! 
TFEADB Adr(DB)(Active) Delay from 61 ($1)! 2] 


Tacpg _| Adr(DB) (Float) Delay from 6 t (S2)!2! 


2 
3 
2 
2 


Tstt +20 170 
Tass Adr(DB) Setup to AdrStb(S1-S2) [41 
TAHS Adr (DB) (Valid) Hold from AdrStbJ(S2)!41 
TsTL AdrStbt Delay from 6t(S1)!"! 7300 


140 


Tstt AdrStb! Delay from @t(S2)l1] 
Tsw AdrStb Width ($1-S2)!41 
Tasc Rd or Wr(Ext)) Delay from AdrStbJ(S2)!41 


Tpsc Rd or Wr(Ext)) Delay from Adr (DB) 
(Float) (S2)!4! 


TAK DACKt or JDelay from 61(S2,S1) and 
TC/Markt Delay from @t(S3) and 
TC/MarkJ Delay from 6% (S4)l1.5] 


Tey-100 


20 
300 
70 
20 


Toc RdJ or Wr(Ext)) Delay from @t(S2) and 


250 

300 

200 

250 

50 

00 

50 

00 

250 

200 

Toct Rdt Delay from 04(S1,SI) and 200 
300 


250 
300 
200 
250 
250 
300 
200 
250 
200 
200 
300 


Eo 
oO 
io) 


TAFC Rd or Wr (Float) from 6 t(SI)[2! 
TRwM Rd Width (S2-S1 or SI)I4] 

Twwm Wr Width (S3-S4)/4] 

Twwme _ | Wr(Ext) Width (S2-S4)[4] 

Trs READY Set Up Time to 6 (S3, Sw) 
TRH READY Hold Time from @t (S3, Sw) 


2Tcy + Tg-50 


Raw SBSH or SOA a 
wr wie (Sosa a 
a 
—— 


30 30 
20 20 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Ns 


ns 


ns 


Ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


ns 


Notes: 1. Load=1TTL. 2. Load=1TTL+50pF. 3. Load=1TTL+ (RL, = 3.3K), VoH =3.3V. 4. Tracking Specification. 


5. ATaKk <50ns. 6. ATpc_<50ns. 7. ATpctT < 50ns. 
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DMA MODE WAVEFORMS 


CONSECUTIVE CYCLES ANDO BURST MODE SEQUENCE 
u s | s | s1 | s2 | 33 | SA s1 82 | ss | 


HRO 


HLDA 


AEN 


ADRO7 (LOWER ADR) —-— —— 


DATA? (UPPER ADR) — — — — 


ADR STB 
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PROGRAMMABLE INTERRUPT CONTROLLER 


= MCS-85'™ Compatible 8259-5 u Individual Request Mask Capability 


m 8-Level Priority Controller eins si sacaieiie a 
ingle + u o Clocks 
= Expandable to 64 Levels a oing pply ( ) 


s Programmable Interrupt Modes a 28-Pin Dual In-Line Package 


The Intel® 8259 handles up to 8 vectored priority interrupts for the CPU. It is cascadable for up to 64 vectored priority 
interrupts, without additional circuitry. It will be packaged in a 28-pin plastic DIP, uses nMOS technology and requires 
a single +5V supply. Circuitry is static, requiring no clock input. 

The 8259 is designed to minimize the software and real time overhead in handling multi-level priority interrupts. It has 
several modes, permitting optimization for a variety of system requirements. 


PIN CONFIGURATION BLOCK DIAGRAM 
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PIN NAMES 
DATA BUS (BI-DIRECTIONAL) 
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INTRODUCTION TO THE USE OF INTER- —— 
RUPTS IN MICROCOMPUTER SYSTEMS MULTIPLEXOR 


Microcomputer system design requires that I/O devices 
such as keyboards, displays, sensors and other com- 
ponents receive servicing in an efficient method so that 
large amounts of the total system tasks can be assumed by 
the microcomputer with little or no effect on throughput. 


The most common method of servicing such devices is the 
Poiled approach. This is where the processor must test 
each device in sequence and in effect “ask” each one if it 
needs servicing. It is easy to see that a large portion of the 
main program is looping through this continuence polling 
cycle and that such a method would have a serious, 
detrimental effect on system throughput thus limiting the 
tasks that could be assumed by the microcomputer and 
reducing the cost effectiveness of using such devices. 


A more desireable method would be one that would allow 
the microprocessor to be executing its main program and 
Only stop to service peripheral devices when it is told to do 
so by the device itself. In effect, the method would provide 
an external asynchronous input that would inform the 
processor that it should complete whatever instruction 
that is currently being executed and fetch a new routine 
that will service the requesting device. Once this servicing 
is complete however the processor would resume exactly 
where it left off. 


Figure 1. Polled Method 


This method is called Interrupt. It is easy to see that 
system throughput would drastically increase, and thus 
more tasks could be assumed by the microcomputer to 
further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) functions 
as an overall manager in an Interrupt-Driven system 
environment. It accepts requests from the peripheral 
equipment, determines which of the incoming requests is 
of the highest importance (priority), ascertains whether 
the incoming request has a higher priority value than the 
level currently being serviced and issues an Interrupt to 
the CPU based on this determination. 


Each peripheral device or structure usually has a special 
program or “routine” that is associated with its specific 
functional or operational requirements; this is referred to 
as a “service routine”. The PIC, after issuing an Interrupt 
to the CPU, must somehow input information into the CPU 
that can “point” the Program Counter to the service 
routine associated with the requesting device. The PIC 
does this by providing the CPU with a 3-byte CALL 
instruction, ee eee 


1/0 (N) 


| ere 
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Figure 2. Interrupt Method 
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Data Bus Buffer 


This 3-state, bi-directional, 8-bit buffer is used to interface 
the 8259 to the system Data Bus. Control words and status 
information are transferred through the Data Bus Buffer. 


Read/Write Control Logic 


The function of this block is to accept OUTput commands 
from the CPU. It contains the Initialization Command 
Word (ICW) registers and Operation Command Word 
(OCW) registers which store the various control formats 
for device operation. This function block also allows the 
status of the 8259 to be transferred onto the Data Bus. 


CS (Chip Select) 
A “low” on this input enables the 8259. No reading or 
writing of the chip will occur unless the device is selected. 


WR (Write) 
A “low” on this input enables the CPU to write control 
words (ICWs and OCWs) to the 8259. 


RD (Read) 

A “low” on this input enables the 8259 to send the status of 
the Interrupt Request Register (IRR), In Service Register 
(ISR), the Interrupt Mask Register (IMR) or the BCD of the 
Interrupt level on to the Data Bus. 


Ao 

This input signal is used in conjunction with WR and RD 
signals to write commands into the various command 
registers as well as reading the various status registers of 


the chip. This line can be tied directly to one of the address Figure 3. 8259 Block Diagram Showing Data Bus Buffer 
lines. and Read/Write Logic Functions 


Ag D4 D3 RD WR CS INPUT OPERATION (READ) 
0 0 1 0 IRR, ISR or Interrupting Level = DATA BUS (Note 1) 
1 0 1 #0 IMR = DATA BUS 
OUTPUT OPERATION (WRITE) 
0 0 OO 1 0 0 DATA BUS = OCW2 
0 oO 1 714 0 0 DATA BUS = OCW3 
0 1 xX 1 +0 0 DATA BUS = ICW1 
1 xX X 1 0 0 DATA BUS = OCW1, ICW2, ICW3 (Note 2) 
DISABLE FUNCTION is 
x x KX FT tt 6 DATA BUS = 3-STATE > : 
X xX X xX X 1 DATA BUS = 3-STATE *z 


Note 1: Selection of IRR, ISR or Interrupting Level is based on the content of OCW3 written before the READ operation. 
Note 2: On-chip sequencer logic queues these commands into proper sequence, 


Figure 4. 8259 Basic Operation 
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FUNCTIONAL DESCRIPTION 


General 


The 8259 is a device specifically designed for use in real 
time, interrupt driven, microcomputer systems. It man- 
ages eight levels or requests and has built-in features for 
expandability to other 8259s (up to 64 levels). It is 
programmed by the system’s software as an 1|/O 
peripheral. A selection of priority modes is available to the 
programmer so that the manner in which the requests are 
processed by the 8259 can be configured to match his 
system requirements. The priority modes can be changed 
or reconfigured dynamically at any time during the main 
program. This means that the complete interrupt structure 
can be defined as required, based on the total system 
environment. 


Interrupt Request Register (IRR) and 
In-Service Register (ISR) 


The interrupts at the IR input lines are handled by two 
registers in cascade, the Interrupt Request Register (IRR) 
and the In-Service Register (ISR). Tne IRR is used to store 
all the interrupt levels which are requesting service; and 
the ISR is used to store all the interrupt levels which are 
being serviced. 


rice 


Priority Resolver 

This logic block determines the priorities of the bits set in 
the IRR. The highest priority is selected and strobed into 
the corresponding bit of the ISR during INTA pulse. 


INT (interrupt) 


This output goes directly to the CPU interrupt input. The 
VOH level on this line is designed to be fully compatible 
with the 8080 input level. 


INTA (Interrupt Acknowledge) 


Three INTA pulses will cause the 8259 to release a 3-byte 
CALL instruction onto the Data Bus. 


Interrupt Mask Register (IMR) 


The IMR stores the bits of the interrupt lines to be masked. 
The IMR operates on the ISR. Masking of a higher priority 
input will not affect the interrupt request lines of lower 
priority. 


iNTA 


2 
CONTROL LOGIC 


INT 


AB #RO 

{R41 

WR READ/ jas 
WRITE IN- 

Ay LOGIC SERVICE iR3 

‘ REG iR4 

(ISR) IRS 

a tRE 

ss IR? 


INTERRUPT MASK REG 
; (IMR) 


Ds 


INTERNAL BUS 


Figure 5. 8259 Block Diagram Showing Basic Interrupt 
Functions 


ADDRESS BUS (16) 


CONTROL BUS 


DATA BUS (8) 
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INTERRUPT 
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Figure 6. 8259 Interface to Standard System Bus 
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SP (Slave Program) 


More than one 8259 can be used in the system to expand 
the priority interrupt scheme up to 64 levels. In such case, 
one 8259 acts as the master, and the others act as slaves. A 
“high” on the SP pin designates the 8259 as the master, a 
“low” designates it as a slave. 


The Cascade/Buffer/Comparator 


This function block stores and compares the IDs of all 
8259 used in the system. The associated three I/O pins 
(CASO-2) are outputs when the 8259 is used as a master 
(SP = 1), and are inputs when the 8259 is used as a slave 
(SP = 0). As a master, the 8259 sends the ID of the 
interrupting slave device onto the CASO-2 lines. The slave 
thus selected will send its preprogrammed subroutine 
addressed onto the Data Bus during next two consecutive 
INTA pulses. (See section “Cascading the 8259”.) 


Figure 7. 8259 Block Diagram Showing Cascading 
Function 


OPERATIONAL DESCRIPTION 


General 


The powerful features of the 8259 in a microcomputer 
system are its programmability and its utilization of the 
CALL instruction to jump into any address in the memory 
map. The normal sequence of events that the 8259 
interacts with the CPU is as follows: 


1. One or more of the INTERRUPT REQUEST lines (IR7- 
0) are raised high, setting the corresponding IRR bit(s). 


2. The 8259 accepts these requests, resolves the 
priorities, and sends an INT to the CPU. 


3. The CPU acknowledges the INT and responds with an 
INTA pulse. 

4. Upon receiving an INTA from the CPU group, the 
highest priority ISR bit is set, and the corresponding 
IRR bit is reset. The 8259 will also release a CALL 
instruction code (11001101) onto the 8-bit Data Bus 
through its D7-0 pins. 

5. This CALL instruction will initiate two more INTA 
pulses to be sent to the 8259 from the CPU group. 

6. These two INTA pulses allow the 8259 to release its 
preprogrammed subroutine address onto the Data Bus. 
The lower 8-bit address is released at the first INTA 
pulse and the higher 8-bit address is released at the 
second INTA pulse. 

7. This completes the 3-byte CALL instruction released 
by the 8259. ISR bit is not reset until the end of the 
subroutine when an EOI (End of interrupt) command is 
issued to the 8259. 


Programming The 8259 


The 8259 accepts two types of command words generated 
by the CPU: 


1. Initialization Command Words (ICWs): 
Before normal operation can begin, each 8259 in the 
system must be brought to a starting point — by a 
sequence of 2 or 3 bytes timed by WR pulses. This 
sequence is described in Figure 1. 
2. Operation Command Words (OCWSs): 
These are the command words which command the 
8259 to operate in various interrupt modes. These 
modes are: 
a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d. Polled mode 
The OCWs can be written into the 8259 at anytime after 
initialization. 


ICW2 


READY TO ACCEPT REQUESTS 
IN THE FULLY NESTED MODE 


Figure 8. Initialization Sequence 
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Initialization Command Words 1 and 2 (ICW1 and 
ICW2) 


Whenever a command is issued with AO =0 and D4 = 1, this 
is interpreted as Initialization Command Word 1 (ICW1), 
and initiates the initialization sequence. During this 
sequence, the following occur automatically: 

a. The edge sense circuit is reset, which means that 
following initialization, an interrupt request (IR) 
input must make a low to high transition to generate 
an interrupt. 

b. The interrupt Mask Register is cleared. 

c. IR 7 input is assigned priority 7. 

d. Special Mask Mode Flip-flop and status Read Flip- 
flop are reset. 

The 8 requesting devices have 8 addresses equally spaced 
in memory. The addresses can be programmed at 
intervals of 4 or 8 bytes; the 8 routines thus occupying a 
page of 32 or 64 bytes respectively in memory. 


The address format is: 


D; Dg 05 D, Ds Dy Dy Do 


DEFINED BY D, , OF ICW1 AUTOMATICALLY 
INSERTED BY 8259 


ie EE PRONE AANA, 


DEFINED BY ICW2 


AO-4 are automatically inserted by the 8259, while A15-6 
are programmed by ICW1 and |CW2. When interval = 8, A5 
is fixed by the 8259. If interval = 4, A5 is programmed in 
ICW1. Thus, the interrupt service routines can be located 
anywhere in the memory space. The 8 byte interval will 
maintain compatibility with current 8080 RESTART 
instruction software, while the 4 byte interval is best for 
compact jump table. 


The address format inserted by the 8259 is described in 
Table 1. 


The bits F and S are defined by ICW1 as follows: 
F: Call address interval. F=1, theninterval=4; F=0, 
then interval = 8. 


S: Single. S = 1 means that this is the only 8259 in the 
system. It avoids the necesity of programming ICW3. 


INTERVAL = 4 | INTERVAL = 8 
a LOWER MEMORY ROUTINE ADDRESS 

D7 D6 D5 D4 D3 D2 D1 DO | D7 DE DS D4 D3 D2 DI DO 
IR at AG AG 1 1 12,0 ~0~| A? AB 1 1 1 0 0 0 | 
IR 6 | A7 AG AS 1 1 0 0 0 A? A6 1 1 #0 +0 0 0 
iR 5 | A7 AB AS 1 0 +1 +420 =~«0 A7 AGB 1 0 1 0 0 0 
iR 4|A7 AG AS 1 0 0 0 O A7 AG 1 0 0 0 0 0 
IR 3 | A7 AG AS O 1 #1 +0 «0 A? AG 0 1 +1 +0 «0 «0 
IR 2 | A7 AB AS 0 1 0 0 0 A7 AB 0 1 0 0 0 0 
IR 1] A7 AB AS 0 0 1 +0 «0 A? AG 0 0 1 0 0 0 
IR. 0} A7 AB AS 0 0 0 0 0 | A? ABO 0 0 O Oo 0 | 


Table 1. 8259 Address Format 


Example of Interrupt Acknowledge Sequence 


Assume the 8259 is programmed with F = 1(CALL address 
interval = 4), and IR5 is the interrupting level. The 3 byte 
sequence released by the 8259 timed by the INTA pulses is 
as follows: 


D7 D6 D5 D4 D3 D2 D1 DO 


Ist INTA 1 1 0 0 1 1 ) 1 CALL 


CODE 


LOWER 
ROUTINE 
ADDRESS 


2nd INTA ~A7 AG A5 1 0 1 0 0 


HIGHER 
ROUTINE 
ADDRESS 


3rd INTA A15 A14 A113. Al12 All “A100 AY A8 


Initialization Command Word 3 (ICW3) 


This will load the 8-bit slave register. The functions of this 
register are as follows: 


a. If the 8259 is the master, a 1" is set for each slave in 
the system. The master then will release byte 1 of the 
CALL sequence and will enable the corresponding 
slave to release bytes 2 and 3, through the cascade 
lines. 

b. If the 8259 is a slave, bits 2 - Didentify the slave. The 
slave compares its CASO-2 inputs (sent by the 
master) with these bits. If they are equal, bytes 2 and 
3 of the CALL sequence are released. 


If bit S is set in |CW1, there is no need to program ICW3. 
1cwi 

Ag OF Of O08F % OD DB D BD 

pepe adele Lo] [sf 


1 
i) 


SINGLE 
NOT SINGLE 


CALL ADDRESS INTERVAL 
1= INTERVAL IS 4 
0 = INTERVAL IS 8 


A, 5 OF LOWER 
ROUTINE ADDRESS 
UPPER ROUTINE 

ADDRESS 


1= 1R INPUT HAS A SLAVE 
0 = IR INPUT DOES NOT HAVE 
A SLAVE 


NOTE 1: SLAVE ID IS EQUAL TO THE CORRESPONDING MASTER IR INPUT. 


Figure 9. Initialization Command Word Format 
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Operation Command Words (OCWs) 


After the Initialization Command Words (ICWs) are 
programmed into the 8259, the chip is ready to accept 
interrupt requests at its input lines. However, during the 
8259 operation, a selection of algorithms can command 
the 8259 to operate in various modes through the 
Operation Command Words (OCWs). These various 
modes and their associated OCWs are described below. 


Interrupt Masks 


Each Interrupt Request input can be masked individually 
by the Interrupt Masked Register (IMR) programmed 
through OCW1. 


The IMR operates on the In-Service Register. Note that if 
an interrupt is already acknowledged by the 8259 (an INTA 
pulse has occurred), then the Interrupting level, although 
masked, will inhibit the lower priorities. To enable these 
lower priority interrupts, one can do one of two things: (1) 
Write an End of Interrupt (EOI) command (OCW2) to reset 
the ISR bit or (2) Set the special mask mode using OCW3 
(as will be explained later in the special mask mode.) 


Fully Nested Mode 


The 8259 will operate in the fully nested mode after the 
execution of the initialization sequence without any OCW 
being written. In this mode, the interrupt requests are 
ordered in priorities from O through 7. When an interrupt is 
acknowledged, the highest priority request is determined 
and its address vector placed on the bus. In addition, abit 
of the Interrupt service register (IS 7-0) is set. This bit 
remains set until the CPU issues an End of Interrupt (EO!) 
command immediately before returning from the service 
routine. While the IS bit is set, all further interrupts of lower 
priority are inhibited, while higher levels will be able to 
generate an interrupt (which will only be acknowledged if 
the CPU has enabled its own interrupt input through 
software). 


After the Initialization sequence, IRO has the highest 
priority and IR7 the lowest. Priorities can be changed, as 
will be explained in the rotating priority mode. 


Rotating Priority Commands 


There are two variations of rotating priority: auto rotate 
and specific rotate. 


1. Auto Rotate — Executing the Rotate-at-EO! (Auto) 
command, resets the highest priority ISR bit and 
assigns that input the lowest priority. Thus, a device 
requesting an interrupt will have to wait, in the worst 
case, until 7 other devices are serviced at most once 
each, i.e., if the priority and “in-service” status is: 


BEFORE ROTATE _ 1S7 


LOWEST PRIORITY HIGHEST PRIORITY 


AFTER ROTATE IS 


LOWEST PRIORITY HIGHEST PRIORITY 


In this example, the In-Service FF corresponding to 
line 4 (the highest priority FF set) was reset and line 4 
became the lowest priority, while all the other priorities 
rotated correspondingly. 


The Rotate command is issued in OCW2, where: R = 
1, EOI = 1, SEO! = 0. 


2. Specific Rotate — The programmer can change 
priorities by programming the bottom priority, and by 
doing this, to fix the highest priority: i.e., if IR5 is 
programmed as the bottom priority device, the IR6 will 
have the highest one. This command can be used with 
or without resetting the selected ISR bit. 


The Rotate command is issued in OCW2 where: R = 1, 
SEOI = 1. L2, L1, LO are the BCD priority level codes of the 
bottom priority device. If EOl = 1 also, the ISR bit selected 
by L2-L0 is reset. 


Observe that this mode is independent of the End of 
Interrupt Command and priority changes can be 
executed during EOI command or independently from 
the EOI command. 


End of Interrupt (EOI) and Specific End of 
Interrupt (SEO!) 


An End of Interrupt command word must be issued to the 
8259 before returning from a service routine, to reset the 
appropriate IS bit. 


There are two forms of EOI command: Specific and non- 
Specific. When the 8259 is operated in modes which 
preserve the fully nested structure, it can determine which 
IS bit to reseton EOI. When anon-Specific EOI command 
is issued the 8259 will automatically reset the highest IS 
bit of those that are set, since in the nested mode, the 
highest IS level was necessarily the last level acknowl- 
edged and will necessarily be the next routine level 
returned from. 


However, when a mode is used which may disturb the fully 
nested structure, such as in the rotating priority case, the 
8259 may no longer be able to determine the last level 
acknowledged. In this case, aspecific EOI (SEOI) must be 
issued which includes the IS level to be reset as part of the 
command. The End of the Interrupt is issued whenever 
EOI = “1” in OCW2. For specific EOI, SEOI =‘‘1”, and EOI = 
1.L2,L1, LO is then the BCD level to be reset. As explained 
in the Rotate Mode earlier, this can also be the bottom 
priority code. Note that although the Rotate command can 
be issued during an EOI = 1, it is not necessarily tied to it. 
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Special Mask Mode (SMM) 

This mode is useful when some bit(s) are set (masked) by 
the Interrupt Mask Register (IMR) through OCW1. If, for 
some reason, we are currently in an interrupt service 
routine which is masked (this could happen when the 
subroutine intentionally mask itself off), it is still possible 
to enable the lower priority lines by setting the Special 
Mask mode. In this mode the lower priority lines are 
OR PUT INTO LOWEST PRIORITY enabled until the SMM is reset. The higher priorities are 
not affected. 


The special mask mode FF is set by OCW3 where ESMM = 
1, SMM = 1, and reset where: ESSM = 1 and SMM = 0. 


NON-SPECIFIC END OF INTERRUPT 

1 = RESET THE HIGHEST PRIORITY 
BIT OF ISR 

0 = NO ACTION 


Polled Mode 


SPECIFIC END OF INTERRUPT 


O“NOACTION In this mode, the CPU must disable its interrupt input. 
Service to device is achieved by programmer initiative by a 
TS ROTATE Poll command. 


0 = NOT ROTATE 


The poll command is issued by setting P = “1” in OCW3 
during a WR pulse. 


i i i ts ie The 8259 treats the next RD pulse as an interrupt 
acknowledge, sets the appropriate IS Flip-flop, ifthereis a 
request, and reads the priority level. 


For polling operation, an OCW3 must be written before 
every read. 


The word enabled onto the data bus during RD is: 
D7 D6 D5 D4 D3 D2 ODI DO 
ey] fe] foe [om || 
WO — 2: BCD code of the highest priority level 


requesting service. 
|: Equal to a “1” if there is an interrupt. 


POLLING 
A HIGH ENABLES THE NEXT RD PULSE 
TO READ THE BCD CODE OF THE HIGH- 
EST LEVEL REQUESTING INTERRUPT. 


SPECIAL MASK MODE 


NO ACTION Stein SPECIAL 
MASK MASK 


Figure 10. Operation Command Word Format 


This mode is useful if there is a routine common to 
several levels — so that the INTA sequence is not 
needed (and this saves ROM space). Another 
application is to use the poll mode to expand the |, 
number of priority levels to more than 64. 


| AQ D4 D3 
ocw1| 1 M7-Mo IMR (Interrupt Mask Register). WR will load it while status can be 
read with RD. _ 

Ocw2) 0 0 0 R SEO! EOI 
0 Oo 0 No Action. 
i?) Non-specific End of Interrupt. 
0 No Action. 
0 Specific End of Interrupt. L2, L1, LO is the BCD level to be reset. 
1 
1 
1 


te) 1 

1 0 

1 1 

0 0 No Action. 

0 1 Rotate priority at EO!. (Auto Mode) 

1 0 Rotate priority, L2, L1, LO becomes bottom priority without 
Ending of Interrupt. 


1 1 1 Rotate priority at EO! (Specific Mode), L2, L1, LO becomes 
| | _bottom priority, and its corresponding IS FF is reset. 
4 ocw3/0 0 1 | ESMM SMM 
0 0 
oa } Special Mask not Affected. 
cm ees 0 1 | 
ar 1 0 Reset Special Mask. 
= a. 1 1 Set Special Mask. 
We ERIS RIS 
a. ie) 0 
0 1 } No Action. 
1 0 Read IR Register Status. 
1 1 


Read |S Register Status. 
ads - 


1 2 
Note: The CPU interrupt input must be disabled during 
Initialization sequence for all the 8259 in the system 
2. Any control command execution. 


Figure 11. Summary of Operation Word Programming 
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SS 


Reading 8259 Status 


The input status of several internal registers can be read 
to update the user information on the system. The 
following registers can be read by issuing a suitable 
OCW3 and reading with RD. 


Interrupt Requests Register (IRR): 8-bit register which 
contains the levels requesting an interrupt to be 
acknowledged. The highest request level is reset from the 
IRR when an interrupt is acknowledged. (Not affected by 
IMR). 


In Service Register (ISR): 8-bit register which contains 
the priority levels that are being serviced. The ISR is 
updated when an End of Interrupt command is issued. 


Interrupt Mask Register: 8-bit register which contains the 
interrupt request lines which are masked. 


The IRR can be read when prior to the RD pulse, an WR 
pulse is issued with OCW3, and ERIS = 1, RIS = 0. 


The ISR can be read in a similar mode, when ERIS = 1, RIS 
= 1. 


There is no need to write an OCW3 before every status 
read operation as long as the status read corresponds with 
the previous one, i.e. the 8259 “remembers” whether the 
IRR or ISR has been previously selected by the OCW3. 


For reading the IMR, a WR pulse is not necessary to 
preceed the RD. The output data bus will contain the IMR 
whenever RD is active and AO = 1. 


Polling overrides status read when P = 1, ERIS = 1 in 
OCWS. 


Figure 12. Cascading the 8259 
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Cascading 


The 8259 can be easily interconnected in a system of one 
master with up to eight slaves to handle up to 64 priority 
levels. 


A typical system is shown in Figure 2. The master controls, 
through the 3 line cascade bus, which one of the slaves will 
release the corresponding address. 


As shown in Figure 2, the slaves interrupt outputs are 
connected to the master interrupt request inputs. When a 
slave request line is activated and later acknowledged, the 
master releases the 8080 CALL code during the first INTA 
pulse. From the trailing edge of this first INTA pulse until 
the trailing edge of the third pulse, the CAS lines will 
contain the slave address code. Thus, the corresponding 
slave is enabled to release the two-byte service routine 
address during the second and third INTA pulses. 


Note that since the CAS lines default to 000, no slave 
should be connected with IRO on the master unless all 
other master request inputs (IR1-IR7) are connected to 
slaves. Otherwise, the slave on IRO will attempt to drive the 
data bus in conflict with a non-slave interrupt request on 
the master. 


It is obvious that each 8259 in the system must follow a 
separate initialization sequence and can be programmed 
to work in a different mode. An EOI command must be 
issued twice: once for the master and once for the 
corresponding slave. An address decoder is required to 
activate the Chip Select (CS) input of each 8259. The slave 
program pin (SP) must be at a “low” level for a slave (and 
then the cascade lines are inputs) and ata “high” level fora 
master (and then the cascade lines are outputs). 


INST. 


2 
° 


oman onFf Wn — 


13 
14 
15 
16 
17 
18 


Notes: 


1. Inthe master mode SP pin= 1, in 


OPERATION DESCRIPTION 


ICW1A 


0 A7 A6 AS 1 0 1 1 0 Byte 1 initialization, format = 4, single. 
ICW1B 0 A7 A6 AS 1 0 1 0 0 Byte 1 initialization, format = 4, not single. 
ICW1C 0 A7 A6 AS 1 0 0 1 0 Byte 1 initialization, format = 8, single. 
Icw1 D0 0 A7 A6 AS 1 0 (¢) 0 0 Byte 1 initialization, format = 8, not single. 
ICW2 1 A15 Al4 A13 A112 A11 A10 AQ AB8 Byte 2 initialization (Address No. 2) 
ICW3 M 1 S7 S6 S5 S4 $3 S2 $1 SO = Byte 3 initialization — master. 
ICW3S 1 0 0 is) 0 0 S2 $1 SO _ Byte 3 initialization — slave. 
OcW1 1 M7 M6 M5 M4 M3 M2 M1 MO Load mask reg, read mask reg. 
OCW2E 0 0 0 1 (¢) 0 0 0 0 Non specific EOI. 
OcW2 SE 0 0 1 1 0 0 L2 Li Lo aa a L2, L1, LO code of IS FF 
OCW2 RE 0 1 0 1 0 0 0 i¢) 0 Rotate at EO! (Auto Mode). 

Rotate at EOI (Specific Mode). L2, L1, LO, 
OCW2 RSE 0 1 1 1 0 0 L2 ti Le code of line to be reset and selected as 
bottom priority. 

OCW2 RS 0 1 1 0 0 0 L2 L1 LO L2,L1, LO code of bottom priority line. 
OCW3 P 0 - 0 0 0 1 1 0 0 Poll mode. 
OCW3 RIS 0 - 0 0 0 1 0 1 1 Read IS register. 
OCW3 RR 0 - 0 0 0 1 0 1 0 Read requests register. 
OCW3 SM 0 - 1 1 0 1 0 0 0 Set special mask mode. 
OCW3 RSM 0 - 1 0 0 1 0 0 0 Reset special mask mode. 


slave mode SP = 0. 


2. (-) = do not care 


Figure 13. 8259 Instruction Set 
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8259/8259-5 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias. ........ 0°C to 70°C *COMMENT: 

Storage Temperature .............. —65°Cto+160° C Stresses above those listed under “Absolute Maximum Ratings” 

. may cause permanent damage to the device. This is a stress rating 

Voltage On Any Pin only and functional operation of the device at these or any other 

With Respect toGround ...........+.. —0.5Vto+7V conditions above those indicated in the operational sections of this 
Power Dissipation ........... 0. cece eee eee 1 Watt specification is not implied. 


D.C. CHARACTERISTICS 
(Ta = O°C to 70°C; Voc = 5V +5%) 


wor [mowommnrme [in| |v | moa 
OH = -90 yu 
for IRgo7 10 LA Vin = Vcc 
Nie Input Leakage Current 
CAPACITANCE 


Ta = 25°C; Vec = GND = OV 


| PARAMETER | MIN. | TYP. | MAX. 
| Input Capacitance ||| 10 
| WO Capacitance | | | 20 


UNIT | TEST CONDITIONS 
fo= 1 MHz 


SYMBOL 


Unmeasured pins returned to Vsg 
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A.C. CHARACTERISTICS 
(Ta = 0°C to 70°C; Voc = +5V +5%, GND = OV) 


Bus Parameters 


Read: 
8259 8259-5 
SYMBOL MIN. MAX. MIN. MAX. UNIT 
toF 200 | 20 | 100 | ns 
Write: 
8259 8259-5 
SYMBOL MIN. MAX. MIN. MAX. UNIT 


Other Timings: 


SYMBOL PARAMETER 
Width of Interrupt Request Pulse 
INT t After IR ft 
Cascade Line Stable After INTA t 


Note 1: 8259: Ci = 100pF, 8259-5: Cy = 150pF. 


Input Waveforms for A.C. Tests 


2.4 


2.2 eske 


” TEST POINTS < 


0.8 


0.8 
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8259/8259-5 


WAVEFORMS 


Read Timing Write Timing 
| <+— Taw ——> 
CHIP SELECT CHIP SELECT 


ADDRESS BUS 


Taw —>|Twa 
1/0 RD DATA BUS {| | 3 
TRD > TDF <— Tow Two 
oavaaus \\\\ Hou pean \VQY N\A row 
Tww 
Other Timing 
UNT 
IR 
INT we 
INTA @ @ @ 


op y \\wicH impepance \\\N | IAAAAAAAAY OO AAAAAAAAY AAA 
Co.2 ae 


— | tic 


Note: Interrupt Request must remain ‘‘HIGH”’ (at least) until leading edge of first INTA. 


Read Status/Poll Mode 


_ ,CErC“(‘(é'/\ 
vara sus 7p 983 TLE, 2 WITLI LLL 


Sp) 
a 
Ps 
> w 
art 
=a 
oe 
uu 
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intel 
8271 


PROGRAMMABLE FLOPPY DISK CONTROLLER ~ 


= Supports Standard or Mini-Floppy a Automatic Read/Write Head 


Drives Positioning and Verification 
az IBM 3740 Soft Sectored Format a Internal CRC Generation and Checking 
Compatible a Programmable Step Rate, Settle-Time, 
a Programmable Record Lengths Head Load Time, Head Unload Index 
Count 


Multi-Sector Capabilit 
a Mult-Sector Capabilily = Fully MCS-80 and MCS-85 Compatible 


= Maintains Dual Drives with Minimum a Single +5V Supply 


Software Overhead Expandable to 4 
Drives aw 40-Pin Package 
The Intel® 8271 Programmable Floppy Disk Controller (FDC) is an LSI component designed to interface one to four 


floppy disk drives to an 8-bit microcomputer system. Its powerful control functions minimize both hardware and soft- 
ware overhead normally associated with floppy disk controllers. 


PIN CONFIGURATION BLOCK DIAGRAM 


FAULT RESET/OPO [91 Vcc 


SELECT O 2 LOW CURRENT 
4MH2 CLK []3 LOAD HEAD REGISTERS 
RESET 4 DIRECTION STATUS REG. | COMMAND REG. 
READY 1 5 SEEK/STEP RESULT REG.|PARAMETER REG. a 
SELECT 1 6 WR ENBLE TEST MODE 
DACK 7 INDEX 
DRQ 8 WR PROTECT WR DATA 
RD 9 READY 0 
WR TRKO ~ DATA BUS SERIAL 
———_—. 0-7 BUFFER INTERFA 
INT COUNT/OPI Baha 
DBO WR DATA D RD DATA 
DB1 FAULT O<+——_———_— DATA WINDOW 
DB2 UNSEP DATA R 
DRQ PLO/SS 
DB3 DATA WINDOW OACK 
DB4 PLO/SS INT 
DB5 eR cc 8 | ee a 
OD READY 0 
DB6 _ —————— 
a PLOC ap A READY 1 
DB7 [7 A; Wi ° TRACK 0 
Sethe 5 COUNT/OPI 
GND [] Ag BUFFER fF ape 
P O WR PROTECT 
1 D FAULT 
Ay DRIVE sd 
INTERFACE <x 
CONTROLLER irr 
SELECT O oC a 
SELECT 1 =a 
cc 
DATA BUS (BI-DIRECTIONAL) | PLO/SS PLO/SINGLE SHOT WR ENABLE uu 
CLOCK INPUT (TTL) | DATAWINDOW | DATA WINDOW OUTPUT LOAD HEAD a. 
SELECT 1,0 SELECT 1,0 UNSEPARATED DATA BUFFER 
FAULT RESET/OPO | FAULT RESET/OPTIONAL OUTPUT FAULT SEbBrerer 
CHIP RESET w WRITE DATA DIRECTION 
READY 1.0 i LOW CURRENT 
DMA ACKNOWLEDGE TREK O ACK O INTERNAL FAULT RESET/OPO 
DMA REQUEST WRITE PROTECT DATA BUS 
CPU READ INPUT NDEX INDEX 
CPU WRITE INPUT WRITE ENABLE 
INTERRUPT | SEEK/STEP 
REGISTER SELECT DIRECTION CPU INTERFACE DISK INTERFACE 
READ DATA INSYNC LOAD HEAD 


CHIP SELECT LOW CURRENT | LOW CURRENT 
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IBM DISKETTE GENERAL FORMAT 
INFORMATION 


The IBM Flexible Diskette used for data storage and 
retrieval is organized into concentric circular paths or 
TRACKS. There are 77 tracks on either one or both sides 
(surfaces) of the diskette. On double-sided diskettes, the 
corresponding top and bottom tracks are referred to asa 
CYLINDER. Each track is further divided into fixed length 
sections or SECTORS. The number of sectors per track — 
26, 150r8 — is determined when atrack is formatted andis 
dependent on the sector length — 128, 256 or 512 bytes 
respectively — specified. 

All tracks on the diskette are referenced to a physical 
index mark (a small hole in the diskette). Each time the 
hole passes a photodetector cell (one revolution of the 
diskette), an Index pulse is generated to indicate the 
logical beginning of a track. This index pulse is used to 
initiate a track formatting operation. 


Track Format 


Each Diskette Surface is divided into 77 tracks with each 
track divided into fixed length sectors. A sector can holda 
whole record or a part of a record. If the record is shorter 
than the sector length, the unused bytes are filled with 
binary zeros. If a record is longer than the sector length, 
the record is written over as many sectors as its length 
requires. The sector size that provides the most efficient 


use of diskette space can be chosen depending upon the 
record length required. 
Tracks are numbered from 00 (outer-most) to 76 (inner- 
most) and are used as follows: 

TRACK 00 reserved as System Label Track 

TRACKS 01 through 74 used for data 

TRACKS 75 and 76 used as alternates. 


Each sector consists of an ID field (which holds a unique 
address for the sector) and a data field. 


The ID field is seven bytes long and is written for each 
sector when the track is formatted. Each ID field consists 
of an ID field Address Mark, a Cylinder Number byte which 
identifies the track number, a Head Number byte which 
specifies the head used (top or bottom) to access the 
sector, a Record Number byte identifying the sector 
number (1 through 26 for 128 byte sectors), an N-byte 
specifying the byte length of the sector and two CRC 
(Cyclic Redundancy Check) bytes. 


The Gaps separating the index mark and the ID and data 
fields are written on a track when it is formatted. These 
gaps provide both an interval for switching the drive elec- 
tronics from reading or writing and compensation for rota- 
tional speed and other diskette-to-diskette and drive-to- 
drive manufacturing tolerances to ensure that data written 
on a diskette by one system can be read by another 
(diskette interchangeability). 


a 


a 


Index 


_ a TSS ca 
_ ll ~ = = aS ~~ 
= a“ ~ ~ ~ 
_ ~ Sites —_ 
) ee el inl [Sector 02 | snares Ls 
- _ 
_ _ = _— _— = G = ig 
_— ap ~ 
_ ~~ 


_— 
_ 
_ _— 
_ _ 
—_— 
_— 


a 1D Field 


~ 
Data Field ~~, 


aoa = ~ 
os ~~ 
™ 
Last Sync Sync Ss 
G ync 1D 


Index 
Detected 
Cylinder Record Physical 
Number Number Record 


Length 


Hex 00 for 128 byte per sector format 
Hex 01 for 256 byte per sector format 
Hex 02 for 512 byte per sector format 


Hex 01 through 1A for 128 byte per sector format diskette 
Hex 01 through OF for 256 byte per sector format diskette 


AM2: Data: hex FB or F8 
FB = data field 
F8 = control field 
(The control field can 
begin with a D oranF: 
D = deleted record Q) Pre-index gap. 
F = defective record 
Clock: hex C7) Q) Post-index gap. 
G) 6 bytes of zeroes. 
() Cyclic redundancy check. 


The check bytes are 
generated during a write 
operation. They are used 
during a read operation 
to verify that data is 
read correctly. 


Hex 01 through 08 for 512 byte per sector format diskette 


Hex 00 for one-sided diskettes and side 0 of two-sided diskettes 


Hex 01 for side 1 of two-sided diskettes 


Hex 00 through 4A (Decimal 1 through 74. Cylinders 75 and 76 


are used as alternate cylinders.) 


AM1: identifies ID field 
Data: hex FE 
Clock: hex C7 


Figure 1. Track Format 


Post-ID gap. 


Post-data gap. 


© © 
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FUNCTIONAL DESCRIPTION 


General 


The 8271 Floppy Disk Controller (FDC) interfaces either 
two single or one dual floppy drive to an eight bit 
microprocessor and is fully compatible with Intel's 
new high performance MCS-85 microcomputer system. 
With minimum external circuitry, this innovative controller 
supports most standard, commonly-available flexible disk 
drives including the mini-floppy. 


The 8271 FDC supports a comprehensive soft sectored 
format which is IBM 3740 compatible and includes 
provision for the designating and handling of bad tracks. It 
is a high level controller that relieves the CPU (and user) of 
many of the control tasks associated with implementing a 
floppy disk interface. The FDC supports a variety of high 
level instructions which allow the user to store and retrieve 
data on a floppy disk without dealing with the low level 
details of disk operation. 


In addition to the standard read/write commands, a scan 
command is supported. The scan command allows the 
user program to specify a data pattern and instructs the 
FDC to search for that pattern on a track. Any application 
that is required to search the disk for information (such as 
point of sale price lookup, disk directory search, etc.), may 
use the scan command to reduce the CPU overhead. Once 
the scan operation is initiated, no CPU intervention is 
required. 


Hardware Description 


The 8271 is packaged in a 40 pin DIP. The following is a 
functional description of each pin. 


Pin Pin 

Name No. W/O Description 

Voc (40) +5V supply 

GND (20) Ground 

Clock (3) | A square wave clock 

Reset (1) | A high signal on the reset input 
forces the 8271 to an idle state. 
The 8271 remains idie until a 
command is issued by the CPU. 
The drive interface output signals 
are forced low. 

cs. (24) | The I/O Read and I/O Write inputs 


are enabled by the chip select signal. 


DB7-DBy (19-12) I/O The Data Bus lines are bidirection- 
al, three-state lines (8080 data 
bus compatible). 


The Write signal is used to signal 
the control logic that a transfer of 
data from the data bus to the 8271 
is required. 


The Read signal is used to signal 
the control logic that a transfer of 
data from the 8271 to the data bus 
is required. 


INT (11) © The interrupt signal indicates that 


the 8271 requires service. 


A,-Ao (22-21) | These two lines are CPU Inter- 


face Register select lines. 


Pin Pin 
Name No. 
DRQ (8) 
DACK (7) 
Select 1- (6) 
Select 0 (2) 


Fault Reset/ (1) 
OPO 


Write Enable (35) 


Seek/Step = (36) 


Direction (37) 


Load Head = (38) 


Low Current (39) 
Ready 1, (5) 
Ready 0 (32) 
Fault (28) 


Count/OPI (30) 


Write Protect (33) 


TRKO (31) 
Index (34) 
PLO/SS (25) 


Write Data (29) 


Unseparated (27) 
Data 


Data Window (26) 


INSYNC (23) 
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/O Description 


O 


O 
| 


The DMA request signal is used to 
request a transfer of data between 
the 8271 and memory. 


The DMA acknowledge signal 
notifies the 8271 that a DMA 
cycle has been granted. 


These lines are used to specify the 
selected drive. 


The optional fault reset output 
line is used to reset an error 
condition which is latched by the 
drive. 


This signal enables the drive write 
logic. 


This multi-function line is used dur- 
ing drive seeks. 


The direction line specifies the 
seek direction. A high level on 
this pin steps the R/W head 
toward the spindle (step-in), a 
low level steps the head away 
from the spindle (step-out). 


The load head line causes the 
drive to load the Read/Write head 
against the diskette. 


This line notifies the drive that track 
43 or greater is selected. 


These two lines indicate that the 
specified drive is ready. 


This line is used by the drive to 
specify a file unsafe condition. 


If the optional seek/direction/ 
count seek mode is selected, the 
count pin is pulsed to step the 
R/W head to the desired track. 


This signal specifies that the 
diskette inserted is write pro- 
tected. 


This signal indicates when the R/W 
head is positioned over track zero. 


The index signal gives an indication 
of the relative position of the diskette. 


This pin is used to specify the type 
of data separator used. 


Composite write data. 


This input is the unseparated data 
and clocks. 


This is adata window established 
by a single-shot or phase-locked 
oscillator data separator. 


This line is high when 8271 has 
attained input data synchroni- 
zation, by detecting 2 bytes of 
zeros followed by an expected 
Address Mark. It will stay high 
until the end of the ID or data 
field. 
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CPU Interface Description 


This interface minimizes CPU involvement by supporting 
a set of high level commands and both DMA and non-DMA 
type data transfers and by providing hierarchical status 
information regarding the result of command execution. 


The CPU utilizes the control interface (see the Block 
diagram) to specify the FDC commands and to determine 
the result of an executed command. This interface is 
supported by five Registers which are addressed by the 
CPU via the A1, Ao, RD and WR signals. If an 8080 based 
system is used, the RD and WR signals can be driven by 
the 8228's I/OR and I/OW signais. The registers are 
defined as follows: 


Command Register 


The CPU loads an appropriate command into the 
Command Register which has the following format: 


Ai Ao D7 Dg Ds Dg D3 Dz Dy Dog 


Ce COMMAND OPCODE 


SURFACE/DRIVE 
(SELECT 0, 1) 
Parameter Register 


Accepts parameters of commands that require further 
description; up to five parameters may be required, 
example: 


Ai Ao O7 Dg Ds Dag D3 Dz Dy Do 


a ae TRACK ADDRESS 0-255 


Result Register 


The Result Register is used to supply the outcome of FDC 
command execution (such as a good/bad completion) to 
the CPU. The standard Result byte format is: 


Ai Ao D7 De Ds Cy D3 Do Dy Dog 


NOT USED = 0 
COMPLETION CODE 
COMPLETION TYPE 


DELETED DATA FOUND 


EF 


NOT USED = 00 


STATUS REG.| COMMAND REG. 
ESULT REG. | PARAMETER REG. 


4 DATA BUS | 
4 BUFFER 


Figure 2. 8271 Block Diagram Showing CPU Interface 
Functions 


Status Register 
Reflects the state of the FDC. 


Ai Ao D7 Dg Ds Dg D3 Dz Di Do 


| 1 = NON-DMA DATA REQUEST 


1 = INTERRUPT REQUEST 

1 = RESULT REGISTER FULL 

1 = PARAMETER REGISTER FULL 
1 = COMMAND REGISTER FULL 

1 = COMMAND BUSY 


Test Mode 
Allows the 8271 to be reset by the program. 
INT (Interrupt Line) 


Another element of the control interface is the Interrupt 
line (INT). This line is used to signal the CPU that an FDC 
operation has been completed. It remains active until! the 
result register is read. 


ap) 
a | 
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DMA Operation 


The 8271 can transfer data in either DMA or non DMA 
mode. The data transfer rate of a floppy disk drive is high 
enough (one byte every 32 usec) to justify DMA transfer. 
In DMA mode the elements of the DMA interface are: 


DRQ: DMA Reauest: 
The DMA request signal is used to request a transfer of 
data between the 8271 and memory. 


DACK: DMA Acknowledge: 
The DMA acknowledge signal notifies the 8271 thata DMA 
cycle has been granted. 


RD, WR: Read, Write 
The read and write signals are used to specify the 
direction of the data transfer. 


DMA transfers require the use of aDMA controller such as 
the Intel°8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the FDC. | 


To request a DMA transfer, the FDC raises DRQ. DACK 
and RD enable DMA data onto the bus (independently of 
CHIP SELECT). DACK and WR transfer DMA data to the 
FDC. If a data transfer request (read or write) is not 
serviced within 31 usec, the command is cancelled, a late 
DMA status is set, and an interrupt is generated. In DMA 
mode, an interrupt is generated at the completion of the 
data block transfer. 


When configured to transfer data in non-DMA mode, the 
CPU must pass data to the FDC in response to the non- 
DMA data requests indicated by the status word. The data 
is passed to and from the chip by asserting the DACK and 
the RD or WR signals. 


SERIAL 
INTERFACE 
ONTROLLER 


INPUT 
BUFFER 


4 OUTPUT 
4 BUFFER 


Figure 3. 8271 Block Diagram Showing Disk Interface 
Functions 


Disk Drive Interface 


The 8271 disk drive interface supports the high level 
command structure described in the Command Descrip- 
tion section. The 8271 maintains the location of bad tracks 
and the current track location for two drives. However, 
with minor software support, this interface can support 
four drives by expanding the two drive select lines (select 
0, select 1) with the addition of minimal support hardware. 


The FDC Disk Drive Interface has the following major 
functions. 


READ FUNCTIONS 


Utilize the user supplied data window to obtain the clock 
and data patterns from the unseparated read data. 


Establish byte synchronization. 

Compute and verify the ID and data field CRCs. 
WRITE FUNCTIONS 

Encode composite write data. 


Compute the ID and data field CRCs and append them to 
their respective fields. 


CONTROL FUNCTIONS 


Generate the programmed step rate, head load time, head 
settling time, head unload delay, and monitor drive 
functions. 


DATA 
SEPARATOR 


DATA WINDOW 


UNSEPARATED DATA 


WRITE DATA 


DIRECTION 
COUNT/OPI 


LOAD HEAD 


Pa: ° 
INDEX 


SELECT 0 
i PO ° 
a eee 
Pa e 


NOTE: INPUTS TOCHIP MAY REQUIRE RECEIVERS 
(AT LEAST PULL UP/DOWN PAIRS). 


Figure 4. 8271 Disk Drive Interface 
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Data Separation 


The 8271 needs only a data window to separate the data 
from the composite read data, as well as detect missing 
clocks in the Address Marks. 


The window generation logic may be implemented using 
either a single shot or a phase-locked oscillator. 


Single-Shot Separator 
The single shot approach is the lowest cost solution. 


The FDC samples the value of Data Window on the leading 
edge of Unseparated Data and determines whether the 
delay from the previous pulse was a half or full bit-cell 
(high input = full bit-cell, low input = half bit-cell). 


PLO/SS should be tied to Ground. 


Figure 6. Single-Shot Data Separator Block Diagram 


DATA WINDOW 


RETRIGGERABLE 
SINGLE-SHOT 
2.85us WINDOW * 


UNSEPARATED 
DATA 


*FOR STANDARD DRIVE 


UNSEPARATED 
DATA 


tps2100ns 


DATA 
WINDOW 


tpH20ns 


Figure 7. Single-Shot Data Window Timing 


Phase-Locked Oscillator Separator 


The FDC samples the value of Data Window on the leading 
edge of Unseparated Data and determines whether the 
pulse represents a Clock or Data Pulse. 


PLO/SS should be tied to Vcc (+5V). 


UNSEPARATED 
DATA 


8271 FDC 


PLO/SS 


+5V 


Figure 8. PLO Data Separator Block Diagram 


UNSEPARATED 
DATA 


tps2100ns 


DATA 
WINDOW 


Figure 9. PLO Data Window Timing 


Disk Drive Control Interface 


The disk drive control interface performs the high level 
and programmable flexible disk drive operations. It 
customizes many varied drive performance parameters 
such as the step rate, settle time, head load time, and head 
unload index count. The following is the description of the 
control interface. 


Write Enable 


The Write Enable controls the read write functions of a 
flexible disk drive. When Write Enable is a logical one, it 
enables the drive write electronics to pass current through 
the Read/Write head. When Write Enable is a logical zero 
the drive Write circuitry is disabled and the Read/Write 
head detects the magnetic flux transitions recorded on a 
diskette. The write current turn-on is as follows. 


WRITE DATA | | 


—>| |‘'we ee twe—~ 
WRITE ENABLE 


lus twe 3us 


Figure 10. Write Enable Timing 


Seek Control 


Seek Control is accomplished by Seek/Step, Direction, 
and Count pins and can be implemented two ways to 
provide maximum flexibility in the subsystem design. One 
instance can be when the programmed step rate is not 
equal to zero; in this the 8271 uses the Seek/Step and 
Direction pins (the Seek/Step pin becomes a Step pin). 
Programmable Step timing parameters are shown. 


Another instance is when the programmable step rate is 
equal to zero; in which case the 8271 will hold the seek line 
high until the appropriate number of user-supplied step 
pulses have been counted on the count input pin. 


“DIRECTION 
tos —>| tsp 


SEEK/STEP ee i 
eon <= lo es 


tes=tps=tsp = 10us 
Ims< ts < 255ms 


“WHEN DIRECTION PIN IS HIGH THE HEAD MOVES TOWARD THE SPINDLE. 


Figure 11. Seek Timing 
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DIRECTION 
be ‘ps _. tsp 


SEEK/STEP | 
_.l le— tse —+| LL tcs 


Fe oe ee 


tos=tsp =tcs=10us 
tsc > Tus 


LAST COUNT 


tec cad 20us 
tc 2 Ims 


Figure 12. Seek/Step/Count Timing 


Head Settle 


The 8271 allows the head settle time to be programmed 
from 0 to 255 ms, in increments of 1 ms. 


SEEK OR. LAST STEP 
"tow — — 
WRITE/READ ENABLE 


0< ‘toy < 255ms 
*THE R/W HEAD IS ASSUMED LOADED. 


Figure 13. Head Settle Timing 


Load Head 


The Load Head output pin must become active prior to any 
read or write operation and remain active for a 
programmable number (0-14) of disk revolutions after 
termination of each operation. When frequent disk 
accesses are made, the Head Load settling delay is 
eliminated. 


LOAD HEAD 


EARLIEST WRITE ENABLE 


OR INTERNAL READ DATA __ | 


0< tlw <60ms 


Figure 14. Head Load to Read/Write Timing 


index 


The Index input is used to determine “Sector not found” 
status, to initiate format track/read 1D commands and 
head unload Index and Count operations. 


Track 0 


This input pin indicates that the diskette is at track 0. 
During any seek operation, the stepping out of the 
actuator will cease when the track 0 pin becomes active. 


_ 


tp; > 0.5us 


— 


Figure 15. Index Timing 


Select 1, 0 


Only one drive may be selected at a time. The 
Input/Output pins that must be externally qualified with 
select 0 and select 1 are: 


Unseparated Data 

Data Window 

Write Enable 

Seek/Step 

Count/User Optional Input 
Load Head 

Track 0 

Low Current 

Write Protect 

Write Fault 

Fault Reset/User Optional Output 
Index 


Low Current 


This output pin is active whenever the physical track 
location of the selected drive is greater than 43. Gener- 
ally this signal may be used to enable compensation for 
lower velocity while recording on the inner tracks by 
adjusting the current in a Read/Write head. 


Write Protect 


The 8271 will not write to a disk when this input pin is 
active and will interrupt the CPU if a Write attempt is made. 
Operations marked check Write Protect will be aborted if 
Write Protect line is active. 


This signal normally comes from a sensor which detects 
the presence or absence of a Write Protect hole in a 
diskette envelope. 


Write Fault and Write Fault Reset 


Write Fault input is normally latched by the drive and 
indicates any condition which could endanger data 
integrity if writing is attempted. The 8271 interrupts the 
CPU anytime Write Fault is detected during an operation 
and will immediately reset the Write Enable, Seek/Step, 
Direction, and Low Current signals. The Write Fault is 
reset through the user specified optional output pin. 


Ready 1, 0 


These two pins indicate the functional status of the 
flexible disk drives. Whenever an operation is attempted 
on a drive which is not ready, an interrupt is generated. 
Whenever a drive becomes not ready, this condition is 
latched by the 8271. The Not Ready condition is reset by 
the execution of a Read Drive Status command. 
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PRINCIPLES OF OPERATION 


As an 8080 peripheral device, the 8271 accepts commands 
from the CPU, executes them and provides a RESULT 
back to the 8080 CPU at the end of the execution. The 
communication with the CPU is established by the 
activation of CS, RD, WR. The Ai, Ao select the 
appropriate registers on the chip: 


Command Reg 
Parameter Reg 
Test Mode 


Status Reg 


Result Reg 


The FDC chip operation is composed of the following 
sequence of events. 


8080 WRITES THE COMMAND AND PARAMETERS INTO 
THE 8271 COMMAND AND PARAMETER REGISTERS. 


COMMAND PHASE 


EXECUTION PHASE 


RESULT PHASE FINISHED. THE CPU WILL PERFORM A READ OPERATION 
OF ONE OR MORE OF THE REGISTERS. 


THE 8271 ISON ITS OWN TO CARRY OUT THE COMMANDS. 


THE 8271 SIGNALS THE CPU THAT THE EXECUTION HAS 


The Command Phase 


The software writes a command to the command register. 
As a function of the command issued, from zero to five 
parameters are written to the parameter register. Refer to 
diagram showing a flow chart of the command phase. 
Note that the flow chart shows that a command may not be 
issued if the FDC status register indicates that the device 
is busy. Issuing a command while another command is in 
progress is illegal. The flow chart also shows a parameter 
buffer full check. The FDC status indicates the state of the 
parameter buffer. If a parameter is issued while the 
parameter buffer is full, the previous parameter will be 
over written and lost. 


The Execution Phase 


During the execution phase the operation specified 
during the command phase is performed. During this 
phase there is no CPU involvement if the system utilizes 
DMA for the data transfers. The execution phase of each 
command is discussed within the detailed command 
descriptions. The following table summarizes many of the 
basic execution phase characteristics. 


The Result Phase 


During the Result Phase, the FDC chip notified the CPU of 
the outcome of the command execution. This phase may 
be initiated by: 


1. The successful completion of an operation. 
2. An error detected during an operation. 


In the Result Phase, the CPU Reads the Status Register 
which provides the following information: 


DB, 6, D, BD, Bz B, B, Dy 


NON-DMA MODE 
INTERRUPT REQ 
RESULT REG FULL 


COMMAND BUSY 
COMMAND REG FULL 
PARAMETER REG FULL 


Bit 7: Command Busy 


The command busy bit is set on writing to the command 
port. Whenever the FDC is busy processing a command 
the command busy bit is set to a one. This bit is set to zero 
after the command is completed. 


Bit 6: Command Full 


The command full bit is set on writing to the command 
buffer and cleared when the FDC begins processing the 
command. 


Bit 5: Parameter Full 


This bit indicates the state of a parameter buffer. This 
bit is set when a parameter is written to the FDC and 
reset after the FDC has accepted the parameter. 


START 


READ 
STATUS 


NO 
WRITE 
COMMAND 


MORE 
PARAMETERS 


READ 
STATUS 
PARAMETER 


BUFFER 
FULL 


NO 
WRITE 
PARAMETER 


NO 


END OF COMMAND PHASE 


Figure 5. Command Phase Sequence 
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Bit 4: Result Full 


This bit indicates the state of the result buffer. This bit is 
set when the FDC has a result byte and reset after the 
result byte is read by the CPU. The data in the result buffer 
is valid only after the FDC has completed a command. 
Reading the result buffer while a command is in progress 
will yield no useful information. 


Bit 3: Interrupt Request 
This bit reflects the state of the FDC INT pin. 
Bit 2: Non-DMA Data Request 


When the FDC is utilized without a DMA controller, this bit 
is used to indicate FDC data requests. 


Bits 1 and 0 
Not used. 


After reading the Status Register, the CPU then Reads the 
Result Register for more information. 


The Result Register 
The standard result byte format is: 


D7 Dg Ds Dg D3 Do D, Do 


: 


NOT USED = 0 
COMPLETION CODE 
COMPLETION TYPE 
DELETED DATA FOUND 


NOT USED = 00 


(D5) 
Deleted Data Found: This bit is set when deleted data is 
encountered during a transaction. 


(D4-D3) 
Completion 
Type Event 

00 Good Completion — No Error 

01 System Error — recoverable errors 

10 Operator intervention probably required 

for recovery 
11 Command/Drive Error — either a program 


error or drive hardware failure. 


(D2-D1) 


Completion Code: The completion code field provides 
more detailed information about the completion type. 


Completion Completion 

Type Code Event 
00 00 Good Completion 
00 01 Scan Met Equal 
00 10 Scan Met Not Equal 
00 11 a 
01 00 Clock Error 
01 01 Late DMA 
01 10 ID CRC Error 
01 11 Data CRC Error 
10 00 Drive not ready 
10 01 Write Protect 
10 10 Recalibrate Error 
10 11 Write Fault 
11 00 Record Not Found 
11 01 —— 
11 10 a 
11 11 —— 


It is important to note the hierarchical structure of the 
result byte. In very simple systems where only a GO-NO 
GO result is required the user may simply branch onazero 
result (a zero result is agood completion). The next level of 
complexity is at the completion type interface. The 
completion type supplies enough information so that the 
software may distinguish between fatal and non-fatal 
errors. If a completion type 01 occurs, ten retries should 
be performed before the error is considered unre- 
coverable. 


The Completion Type/Completion Code interface sup- 
plies the greatest detail about each type of completion. 
This interface is used when detailed information about the 
transaction completion is required. 
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EXECUTION PHASE BASIC CHARACTERISTICS 


The following table summarizes the various commands 
with corresponding execution phase characteristics. 


1 2 3 4 5 6 7 8 
Deleted Write/ Seek Completion 

COMMANDS Data Head Ready Protect Seek Check Result Interrupt 
SCAN DATA SKIP LOAD F X YES YES YES YES 
SCAN DATA AND XFER LOAD Z X YES YES YES YES 
DEL DATA 

WRITE DATA x LOAD J J YES YES YES YES 
WRITE DEL DATA x LOAD J 7 YES YES YES YES 
READ DATA SKIP LOAD i X YES YES YES YES 
READ DATA AND XFER LOAD J X YES YES YES YES 
DEL DATA 

READ ID X LOAD ri X YES NO YES YES 
VERIFY DATA AND XFER LOAD r x YES YES YES YES 
DEL DATA 

FORMAT TRACK x LOAD 5 r YES NO YES YES 
SEEK 4 LOAD y x YES NO YES YES 
READ DRIVE STAT Xx - x X NO NO YES NO 
SPECIFY x - x X NO NO NO NO 
RESET X UNLOAD x x NO NO NO NO 
R/W SP REGISTERS X — x x NO NO NO NO 

Note: 1. “x” — DON'T CARE 2. “/" — check 3. “-" — No change 4. “y” — Check at end of operation 


Table 1. Execution Phase Basic Characteristics 


Explanation of the execution phase characteristics table. 


1. Deleted Data Processing 4. Write Protect 


Ww 
nas 
cr 
> wi 
a 
=o 
oc 
uJ 
row 


If deleted data is encountered during an operation that 
is marked skip in the table, the deleted data record is 
not transferred into memory, but the record is counted. 
For example, if the command and parameters specify a 


The operations that are marked check Write Protect are 
immediately aborted if Write Protect line is active at the 
beginning of an operation. 


5. Seek 
read of five records and one of the records was written 
with a deleted data mark, four records are transferred Many of the 8271 commands cause a seek to the 
to memory. The deleted data flag is set in the result desired track. A current track register is maintained for 
byte. However, if the operation is marked transfer, all each drive or surface. 
data is transferred to memory regardless of the type of 6. Seek Check 


data mark. 


. Head 


The Head column in the table specifies whether the 
Read/Write head will be loaded or not. If the table 
specifies load, the head is loaded after it is positioned 
over the track. The head loaded by acommand remains 
loaded until the user specified number of index pulses 
have occurred. 


. Ready 


The Ready column indicates if the ready line (Ready 
1, Ready 0) associated with the selected drive is 
checked. A not ready state is latched by the 8271 un- 
til the user executes a read status command. 
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Operations that perform Seek Check verify that 
selected data in the ID field is correct before the 8271 
accesses the data field. 
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DETAILED COMMAND DESCRIPTION 


Many of the interface characteristics of the FDC are 
specified by the systems software. Prior to initiating any 
drive operation command, the software must execute the 
specify command. There are two types of specify 
commands selectable by the parameter issued. 


First Parameter Specify Type 


ODH Initialization 
10H Load bad Tracks Surface ‘0’ 
18H Load bad Tracks Surface ‘1’ 


Specify Command 


The Specify command is used prior to performing any 
diskette operation (including formatting of a diskette) to 
define the drive’s inherent operating characteristics and 
also is used following a formatting operation or 
installation of another diskette to define the locations of 
bad tracks. Since the Specify command only loads 
internal registers within the 8271 and does not involve an 
actual diskette operation, command processing is limited 
to only Command Phase. Note that once the operating 
characteristics and bad tracks have been specified for 
a given drive and diskette, redefining these values need 
only be done if a diskette with unique bad tracks is to be 
used or if the system is powered down. 


Initialization: 


INDEX CNT BEFORE 
HEAD UNLOAD* 


*Note: Mini-floppy parameters are doubled. 


Parameter 0 — ODH = Select Specify Initialization. 

Parameter 1 — D7-Do = Step Rate (0-255ms in 1ms steps). 

Parameter 2 — D7-Do = Head Settling Time (0-255ms in 1 
ms steps). 

Parameter 3 — D7-D4 = Index Count — Specifies the 
number of Revolutions (0-14) which are to occur before 
the FDC automatically unloads the R/W head. If 15 is 
specified, the head remains loaded. 

D3-Do = Head Load Time (0-60ms in steps of 4ms). 


Load Bad Tracks 


Dg Ds D, D; D, D, Do 
Pt fete} ots] wy] ol o {fo 
a BAD TRACK NO. 1 


BAD TRACK NO. 2 
CURRENT TRACK 


Parameter 0: 10H =Load Su: face zero bad tracks 
18H = Load Surface one bad track 


Parameter 1: 
Bad track address number 1 (Physical Address). 


Parameter 2: 
Bad track address number 2 (Physical Address). 


Parameter 3: 
Current track address (Physical Address). 


Conditions: 

1. Bad track number one must be numerically less than 
bad track number two. 

2. If no bad tracks are present, set the parameter to FFH. 


Reset Command 


Ay Ao D7 Dé Ds Dg D3 D2 


Function: The Reset command emulates the action of the 
reset pin. It is issued by outputting a one followed by a 
zero to the Test Mode Register. 


PAR: 


PAR: 


The drive control signals are forced low. 

An in-progress command is aborted. 

The FDC status register flags are cleared. 

The FDC enters an idle state until the next command is 
issued. 


al al al 


Special Drive Commands 


The special drive commands are used to explicitly 
position the drive read/write head or to interrogate the 
drive status. 


Command Seek Function 


The seek command moves the head to the specified track 
without loading the head or verifying the track. 


The seek operation uses the specified bad tracks to 
compute the physical track address. This feature insures 
that the seek operation positions the head over the correct 
track. 

When a seek to track zero is specified (bad track registers 
are not used), the FDC steps the head until the track 00 
signal is detected. 

If the track 00 signal is not detected within (FF)H steps, a 
track 0 not found error status is returned. 

A seek to track zero is used to position the read/write head 
when the current head position is unknown (such as after 
a power up). 


Ay Ao D7 Dg Ds D4 D3 D2 D, Do 
SEL SEL 
CMD: 1 0 
PAR: | o | 1 | TRACK ADDRESS 0-255 


Seek operations are not verified. A subsequent read or 
write operation must be performed to determine if the 
correct track is located. 


Read Drive Status Command 

Ai Ao D7 Dg Ds D4 D3 D2 Di Do 
SEL SEL 
cw} o | o [StL StL + | o | 1 fs | o | o | 


RESULT: EACH BIT INDICATES CURRENT STATE OF INPUT PINS. 
Ai D2 Dy Do 


Ao D7 Dg Ds Da D3 
RDY WR WR | RDY |TRACK 


IF A DRIVE NOT READY RESULT IS RETURNED, THE READ STATUS MUST 
BE ISSUED TO CLEAR THE CONDITION. 
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Read/Write Special Register 


This command is used to access special registers within 
the 8271. 
Command code: 

3DH Read Special Register 

3AH Write Special Register 
For both commands, the first parameter is the register 
address; for Write command a second parameter specifies 
data to be written. Only the Read Special Register 
command supplies the result. 


Register Address 
Description in Hex Comment 


Scan Sector Number See Scan Description 
Scan MSB of Count See Scan Description 
Scan LSB of Count See Scan Description 
Surface 0 Current Track 
Surface 1 Current Track 


See Description 


Mode Register 


See Description 
See Read Status 
Description 


Drive Control Output Port 
Drive Control Input Port 


Mode Register Write Parameter Format 
D7 Dg Dg Dy Dz Dz D, Dg 


potofotofofo} | 
= 0 DMA MODE, = 1 NON DMA 
= 0 DOUBLE, = 1 SINGLE ACTUATOR 
Bits 7-2 
Not used. Must be set to zero. 
Bit 1 


Double/Single Actuator: Selects single or double actuator 
mode. If the single actuator mode is selected the FDC will 
assume that the physical track location of both disks is 
always the same. This mode facilitates control of a drive 
which has a single actuator mechanism which moves two 
heads. 


Bit 0 


Data Transfer Mode: This bit selects the data transfer 
mode. If this bit is a zero the FDC operates in the DMA 
mode (DMA Request/ACk). If this bit is a one the FDC 
operates in non-DMA mode. When the FDC is operating in 
DMA mode interrupts are generated at the completion of 
commands. If the non-DMA mode is selected the FDC will 
generate an interrupt for every data byte transferred. 


Drive Control Output Port Format 


Dy Og Ds Dy Dg Dz Dy Dy 
et tt LE 
WRITE ENABLE 
SEEK/STEP 
DIRECTION 


LOAD HEAD 


LOW HEAD CURRENT 


WRITE FAULT RESET/ 
OPTIONAL OUTPUT 


SELECT 0 


SELECT 1 


Each of these signals correspond to the chip pin of the 
same name. 


Data Processing Commands 
128 byte single record format. 


Ay Ag Dg 


ka eal COMMAND OPCODE 
Le | TRACK ADDR 0-255 
fa |s SECTOR 0-255 


Commands Opcode 
READ DATA 12 
READ DATA AND DELETED DATA 16 
WRITE DATA OA 
WRITE DELETED DATA OE 
VERIFY DATA AND DELETED DATA 1E 


Variable Length/Multi-Record 


SECTOR 0-255 


LENGTH 


D7-Ds5 of Parameter 2 determine the length of the disk 
record. 


000 128 Bytes 

001 256 Bytes 

010 512 Bytes 

011 1024 Bytes 

100 2048 Bytes 

101 4096 Bytes 

110 8192 Bytes 

111 16,384 Bytes 

Commands Opcode 
READ DATA 13 
READ DATA AND DELETED DATA 17 
WRITE DATA OB 
WRITE DELETED DATA OF 
VERIFY DATA AND DELETED DATA 1F 
SCAN DATA 00 
SCAN DATA AND DELETED DATA 04 
Commands 


Read Data, Read Data and Deleted Data. 


Function 


The read command transfers data from a specified disk 
record or group of records to memory. The operation of 
this command is outlined in execution phase table. 


Commands 
Write Data, Write Deleted Data. 
Function 


The write command transfers data from memory to a 
specified disk record or group of records. 


12-134 


8271 


Commands 
Verify Data and Deleted Data. 


Function 


The verify command is identical to the read data and 
deleted data command except that the data is not 
transferred to memory. This command is used to check 
that a record or group of records have been written 
correctly through verifying the CRC character. 


Scan 


The Scan command is used to search fields within disk 
records for a specified pattern. It compares a sector image 
in memory with a sector or multiple sectors on disk. 


D7 D Da 


6 Ds D3 D2 Dy Do 
SEL | SEL S.DATA 
1 0 S.DELD 


LENGTH NO. OF SECTORS 


SCAN TYPE STEP SIZE 
FIELD LENGTH 


Command Dy = 0 Scan Data 
Dz = 1 Scan Data and Deleted Data 


Parameters 0, 1, 2 are same as the Read Command 


Parameter 3 


D7-D6: Indicate scan type 
00-EQ Scan for each character within the field length 
equal to the corresponding character within 
the disk sector. 
01-GE Scan for each character within the disk sector 
greater than or equal to the corresponding 
character within the field length. 
10-LE Scan for each character within the disk sector 
less than or equal to corresponding character 
within the field length. 
D5-Do: Step Size: The Step Size field specifies the off- 


set to the next record in a multirecord scan. In 
this case, the next record address is generated 
by adding the Step Size to the current record 
address. 


Parameter 4, Field Length 


The Field Length is the number of characters to be 
included in each scan comparison group. 


More detailed information about the completion of the 
scan command may be obtained through the Read Special 
Registers command discussed previously. 


Read Special Register 
Parameter (Hex) Results 


06 Record number in which the scan condition was 
met. 


14 Count MSB — The MSB of the count is decre- 
mented every 128 characters. 


13. Count LSB — The LSB of the count is set to 128 
and decremented every time a character is 
compared. 


Notes: 1. The character (from memory) (FF)y is not 
compared. 
2. The image in memory must be supplied to the 
FDC multiple times during the scan operation. 
Usually this will be performed through the use 
of the 8257 DMA controller auto load mode. 


Commands That Process Special Data 
Read ID 


The Read 1D command will transfer the specified number 
of ID fields into memory (beginning with the first ID field 
after Index). The CRC character is checked but not 
transferred. . 


Format Track 


Ay Ao D7 Dg Ds Da D3 D2 D, Do 
SEL SEL 
1 0 


TRACK ADDRESS 


| 0 | 1 | Gapasizeminuss 
Fo fa | LENGTH NO. OF SECTORS/TRACK 


|@ 4} 4] GAP 5 SIZE MINUS 6 


The format command can be used to initialize a disk 
track compatible with the IBM 3740 format. A Shugart 
“IBM Type” mini-floppy format may also be generated. 


When a format track command is issued, the user must 
supply a list of the ID fields in memory. As the command is 
processed, the ID fields (cylinder address, head address, 
sector address, record length) are read from memory and 
transferred to the disk. Parameter 2, D7-Ds5 specify record 
length; bits coded the same as in Read Data Command. 
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The following is the gap size and description summary: 


Gap 1 Programmable 
Gap 2 17 Bytes 
Gap 3. Programmable 
Gap 4 Variable 
Gap 5 Programmable 


The last six bytes of gaps 1,2,3 and 5 are [00], , all other 
bytes in the gaps are [FF]H. The Gaps 1,3,5 counts 
specified by the user are the counts of the number of bytes 
of [FF]y . Gap 4 is written until the leading edge of the 
index pulse. If a Gap 5 size of zero is specified, the Index 
Mark is not written. 


IBM Format Implementation Summary 


Track Format 


The disk has 77 tracks, numbered physically from 00 to 76, 
with track 00 being the outermost track. There are 
logically 75 data tracks and two alternate tracks. Any two 
tracks may be initialized as bad tracks. The datatracks are 
numbered logically in sequence from 00 to 74, skipping 
over bad tracks (alternate tracks replace bad tracks). 
Note: In IBM tormat track 00 cannot be a bad track. 


Sector Format 


Eack track is divided into 26, 15, or 8 sectors of 128, 256, or 
512 bytes length respectively. The first sector is 
numbered 01, and is physically the first sector after the 
physical index mark. The logical sequence of the 
remaining sectors may be nonsequential physically. The 
location of these is determined at initialization by CPU 
software. 


Each sector consists of an ID field and a data field. All 
fields are separated by gaps. The beginning of each field 
is indicated by 6 bytes of (00)H followed by one byte mark. 


Address Marks 


Address Marks are unique bit patterns one byte in length 
which are used to identify the beginning of ID and Data 
fields and to synchronize the deserializing circuitry with 
the first byte of each field. Address Mark bytes are unique 
from all other data bytes in that certain bit cells do not 
contain a clock bit (all other data bytes have clock bits in 
every bit cell.) There are four different types of Address 
Marks used. Each of these is used to identify different 
types of fields. 


Index Address Mark 


The Index Address Mark is located at the beginning of 
each track and is a fixed number of bytes in front of the 
first record. 

ID Address Mark 

The ID Address Mark byte is located at the beginning of 
each ID field on the diskette. 

Data Address Mark 


The Data Address Mark byte is located at the beginning of 
each non-deleted Data Field on the diskette. 


Deleted Data Address Mark 


The Deleted Data Address Mark byte is located at the 
beginning of each deleted Data Field on the diskette. 


Clock Data 
Address Mark Summary Pattern Pattern 


Index Address Mark 

ID Address Mark 

Data Address Mark 

Deleted Data Address Mark 
Bad Track ID Address Mark 


ID Field 


come Te | oe oe 


C = Cylinder (Track) Address, 00-74 
H = Head Address 
R = Record (Sector) Address, 01-26 


N = Record (Sector) Length, 00-02 
Note: Sector Length = 128 x ig ..4) 
CRC = 16 Bit CRC Character (See Below) 


Data Field 


MARK DATA CRC CRC 


Data is 128, 256, or 512 bytes long. 


Note: All marks, data, ID characters and CRC 
characters are recorded and read most 
significant bit first. 


CRC Character 


The 16-bit CRC character is generated using the 
generator polynomial X16 + X12 + X5 + 1, normally 
initialized to (FF)H. It is generated including all characters 
except the CRC in the ID or data field, including the data 
(not the clocks) in the mark. It is recorded and read most 
significant bit first. 


Bad Track Format 


The Bad Track Format is the same as the good track 
format except that the bad track ID field is initialized as 
follows: 


C=H=R=N=(FF)y 
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INDEX | 
GAP GAP 1 IP GAP is AP - 
GAP 4 5 ~ FIELD 2 FIELD GAP 3 FIELD 


| X ADDR MAR 
GAPS NDE DDRESS K 


GAP 1: POST INDEX GAP 


= L 


GAP 2: POST ID FIELD GAP 


PT _ 


WRITE GATE TURN-ON FOR UPDATE OF NEXT 
DATA FIELD. 


NOTE: THE WRITE GATE TURN-ON SHOULD BE TIMED 
TO WITHIN + = 1 BIT BY COUNTING THE BYTES 
IN THE GAP UNTIL 1 BYTE BEFORE THE 
TURN-ON. 
GAP 3: POST DATA FIELD GAP 


—_ WRITE GATE TURN-OFF FROM UPDATE OF PREVIOUS DATA FIELD. 


' NOTE: IBM FORMAT REQUIRES AT LEAST 2 BINARY “1” BITS AS A DATA FIELD POSTAMBLE. 


2-BITS 


GAP 4: FINAL GAP 


P | _ 
[ 


GAP 5: INITIAL GAP 
| 
es ce 


wn 
a 
<= 
cc 
ww) 
= 
a 
cc 
Lu 
a 


Figure 6. Track Format 
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Data Format 
Data is written (general case) in the following manner: 


Missing 
Clock Clock Ciock Clnvk 
Data ‘’0” Data “1” Data “1” Data “1” 
}~+——1, Pan Ty + 
Te = Full Bit Time = Nominally 4us 
Ty = Half Bit Time = Nominally 2;is 
References 


“The IBM Diskette for Standard Data Interchange’, IBM 
Document GA21-9182-0. “System 32”, Chapter 8, IBM 
Document GA21-9176-0. 


Data Track Gap Lengths 


Data Field 
Length (Bytes) 


128 

256 

§12 

“Nominal after data written. 
**Nominal after initialization. 


Notes: 

1. L is the gap length in bytes. 

2. SYNC consists of 6 bytes of (00)H. 

3. All other bytes in the gaps are (FF)H. 

4. All gaps except Gap 4 are fixed at initialization. Gap 3 
length is nominal after writing data. 


Mini-floppy Disk Format 


The mini-floppy disk format display differs from the 
standard disk format in the following ways: 


1. Gap 5 and the Index Address mark have been 
eliminated. 
2. There are fewer sectors/track. 


DATA | GAP 4 | GAP 1] ID GAP 2 | DATA | GAP 3 | ID GAP 2 
FIELD FIELD FIELD FIELD 


Gaps 


Gap 1 = 16 bytes of FF Hex followed by 6 bytes of zeros. 

Gap 2 = 11 bytes of FF Hex followed by 6 bytes of zeros. 

Gap 3 size is a function of the record size. For 128 byte 
records Gap 3 = 27 bytes of FF Hex followed by 6 
bytes of zeros. 

Gap 4 is a final gap and is whatever is left over. 


The ID field format marks, and CRC used are the same as 
in the standard disk format. 
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FDC 


CONTROLLER 


DRIVER 


DATA 
WINDOW 


DATA 
SEPARATOR 


UNSEPARATED DATA DRIVE 


INTERFACE 


CONTROL IN 


WR DATA 


CONTROL OUT 


LINE 


Figure 7. 8271 System Diagram 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ........ 0°C to 50°C 
Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin With 

RespecttoGround ..................04. -0.5Vto+7V 
Power Dissipation .......... 00.0.0 cece e eee eee 1 Watt 


D.C. CHARACTERISTICS 
Ta = 0°C to 50°C, Vcc = +5.0V +5% 


“COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


Vic__| Input LowVoltage——S«dt=SCsCiS SY SS*YSCVts 
CAPACITANCE 


Ta = 25°C; Voc = GND = OV 


Input Capacitance 


1/O Capacitance 


Test Conditions 


Unmeasured Pins 
Returned to GND 
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A.C. CHARACTERISTICS 
Ta = 0°C to 50°C, Vcc = +5.0V +5% 
Read Cycle 


symbot_ | Parameter | Min._| __—Max._| _Unit | Test Conditions 
tac Select Setup to RQ Fons | 


oo | 
tca Select Hold from RD ee ee ee 


Data Delay from RD 
C. = 20pF for 


Output Float Delay 
Minimum; 150pF for 


Maximum 


Write Cycle 


two Data Hold from WA 


Parameter Min 


Request Hold from WR or RD 
(for Non-Burst Mode) 


Test Conditions 


150 


Test Conditions 


ot 
2) 


tRstw Reset Pulse Width 10 as 
tr Input Signal Rise Time ae 


trsts Reset to First |OWR 2 fo. tcy 
tcH Clock High Period Tess | |__| See Note 2 


Notes: 

1. All timing measurements are made at the following reference voltages unless specified otherwise: 
Input “1” at 2.0V, “0” at0.8V 
Output “1” at 2.0V, “O” at 0.8V 


2. To be specified 


3. Standard Floppy: Tcy= 250ns + 0.4% 
Mini-Floppy: Toy= 500ns + 0.4% 
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WAVEFORMS 


Read Waveforms 


Ag. Ay, CS, DACK 


=== 168 + tea 


Tac To) + 'or — 


DATABUS -=— = = ee eS ee sais dacs tins taies Geghs Geeta 


Write Waveforms 


Ao, Ay, CS, DACK 


DATA BUS 


DMA Waveforms 


ty ——— 


CHIP CLOCK 


te cH 


WRITE DATA P _+ L— | | c D c C 
UNSEPARATED 


ra 


tps2100ns ——> 


a DATA 
“tey = 250ns + 0.4% ““tey = 500ns + 0.4% WINDOW 
PULSE WIDTH PW = tcy + 30ns. 250ns + 30ns 500ns + 30ns 
H(HALF BIT CELL) = 8 tcy 2.0 sec + 8ns 4.0usec + 16ns tpH20ns ——~ 
F(FULL BIT CELL) = 16 tey 4.0 sec + 16ns 8.0usec + 32ns 
Figure 18. Write Data Figure 20. Single-Shot Data Separator 


READ DATA 


H H Cc D Cc Cc 
UNSEPARATED 
DATA 
F F 
tps2100ns 


Ja) 
aoe 
< 
cc 
uu 
a 
Qa 
jo a 
Lu 
Qa. 


DATA 
WINDOW 
* tey = 250ns * tey = 500ns 
F(MINIMUM FULL BIT-CELL) > 8tcy 2.Ousec 4.0usec tpH20ns 
H(MINIMUM HALF BIT-CELL) > 4tcy 1.0usec 2.0usec 
* Standard flexible disk drive timing. 
** Minifloppy timing. 
Figure 19. Read Data Figure 21. Data Separator 
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8273 48 
PROGRAMMABLE HDLC/SDLC PROTOCOL 
CONTROLLER 


= HDLC/SDLC Compatible a Programmable NRZI Encode/Decode 


= Frame Level Commands a N-Bit Reception Capability 

a Full Duplex, Half Duplex, or Loop a Digital Phase Locked Loop Clock 
SDLC Operation Recovery 

= Up to 64K Baud Transfers a Minimum CPU Overhead 

= Two User Programmable Modem = Fully Compatible with 8080/8085 CPUs 


Control Ports 


= Automatic FCS (CRC) Generation and 
Checking = 40-Pin Package 


a Single +5V Supply 


The Intel® 8273 Programmable HDLC/SDLC Protocol Controller is a dedicated device designed to support the ISO/C- 
CITT’s HDLC and IBM’s SDLC communication line protocols. It is fully compatible with Intel’s new high performance 
microcomputer systems such as the MCS-85™. A frame level command set is achieved by a unique microprogrammed 
dual processor chip architecture. The processing capability supported by the 8273 relieves the system CPU of the low 
level real-time tasks normally associated with controllers. 


PIN CONFIGURATION BLOCK DIAGRAM 
REGISTERS 
leaden TxINT RESULT 
Tx INT 


RxINT RESULT PARAMETER ane 


CLK 
TxDACK RESULT 
TxDRQ 
RxDACK 
RxDRQ 
a 
WR 
Rx INT TxD 
Tx LOGIC paces 
DBO ° TxC 
DB1 
DB2 
pB3 
se TxDRQ 
TxDACK DPLL 
DB5 [J 32X CLK 
RxDRO are 
DB6 [J _ CONTROL RTS 
RxDACK LOGIC — 
bB7 a PB, 4 
GND oat 
RxINT a cb 
RD _ 
ass PA, 4 
WR 
= - 
x 
— w A, 
a PIN NAME 
s a A s RESET RxD 
i 2 Rx LOGIC fp RxC 
[ T -T Tt anes T ee 
DBO—DB7 | DATA BUS (8 BITS) cs CHIP SELECT _ 
FLAG DET | FLAG DETECT |32xCLK | 32 TIMES CLOCK cs 
TxINT TRANSMITTER INTERRUPT | | Rx D RECEIVER DATA CLK FLAG DET 
CLK CLOCK INPUT Rx C RECEIVER CLOCK 
RESET RESET TC | TRANSMITTER CLOCK INTERNAL DATA BUS ——> 
Tx DACK | TRANSMITTER DMA ACKNOWLEDGE TxD TRANSMITTER DATA 
TxDRQ TRANSMITTER DMA REQUEST CTS CLEAR TO SEND CPU INTERFACE MODEM INTERFACE 
RD READ INPUT cD CARRIER DETECT 
WR WRITE INPUT PA2—PA4| GP INPUT PORTS 
Rx DACK | RECEIVER DMA ACKNOWLEDGE PB,|—PB, | GP OUTPUT PORTS 
Rx DRO RECEIVER DMA REQUEST RTS REQUEST TO SEND 
Rx INT RECEIVER INTERRUPT Vec +5 VOLT SUPPLY 
AO0—A1 COMMAND REGISTER SELECT ADDRESS | | GND GROUND 
DPLL | DIGITAL PHASE LOCKED LOOP 


st 
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A BRIEF DESCRIPTION OF HDLC/SDLC 
PROTOCOLS 


General 


The High Level Data Link Control (HDLC) is a standard 
communication link protocol established by International 
Standards Organization (ISO). HDLC is the discipline 
used to implement ISO X.25 packet switching systems. 


The Synchronous Data Link Control (SDLC) is an IBM 
communication link protocol used to implement the 


System Network Architecture (SNA). Both the protocols | 


are bit oriented, code independent, and ideal for full 
duplex communication. Some common applications 
include terminal to terminal, terminal to CPU, CPU to 
CPU, satellite communication, packet switching and other 
high speed data links. In systems which require expensive 
cabling and interconnect hardware, any of the two 
protocols could be used to simplify interfacing (by going 
serial), thereby reducing interconnect hardware costs. 
Since both the protocols are speed independent, reducing 
interconnect hardware could become an important 
application. 


Network 


In both the HDLC and SDLC line protocols, according toa 
pre-assigned hierarchy, a PRIMARY (Control) STATION 
controls the overall network (data link) and issues 
commands to the SECONDARY (Slave) STATIONS. The 
latter comply with instructions and respond by sending 
appropriate RESPONSES. Whenever a_ transmitting 
station must end transmission prematurely it sends an 
ABORT character. Upon detecting an abort character, a 
receiving station ignores the transmission block called a 
FRAME. Time fill between frames can be accomplished by 
transmitting either continuous frame preambles called 
FLAGS or an abort character. A time fill within a frame is 
not permitted. Whenever a station receives a string of 
more that fifteen consecutive ones, the station goes into 
an IDLE state. 


Frames 


A single communication element is called a FRAME which 
can be used for both Link Control and data transfer 
purposes. The elements of a frame are the beginning eight 
bit FLAG (F) consisting of one zero, six ones, and a zero, 
an eight bit ADDRESS FIELD (A), an eight bit CONTROL 
FIELD (C), a variable (N-bit) INFORMATION FIELD (1), a 
sixteen bit FRAME CHECK SEQUENCE (FCS), and an 
eight bit end FLAG (F), having the same bit pattern as the 
beginning flag. In HDLC the Address (A) and Control (C) 
bytes are extendable. The HDLC and the SDLC use three 


ADDRESS 
FIELD (A) 


CONTROL 
FIELD (C) 


OPENING 
FLAG (F) 


VARIABLE LENGTH 
(ONLY IN | FRAMES) 


01111110 8 BITS 8 BITS 


INFORMATION 
FIELD (1) 


types of frames; an Information Frame is used to transfer 
data, a Supervisory Frame is used for control purposes, 
and a Non-sequenced Frame is used for initialization and 
control of the secondary stations. 


Frame Characteristics 


An important characteristic of a frame is that its con- 
tents are made code transparent by use of a zero bit 
insertion and deletion technique. Thus, the user can adopt 
any format or code suitable for his system — it may even 
be a computer word length or a “memory dump”. The 
frame is bit oriented that is, bits, not characters in each 
field, have specific meanings. The Frame Check 
Sequence (FCS) is an error detection scheme similar to 
the Cyclic Redundancy Checkword (CRC) widely used in 
magnetic disk storage devices. The Command and 
Response information frames contain sequence numbers 
in the control fields identifying the sent and received 
frames. The sequence numbers are used in Error 
Recovery Procedures (ERP) and as implicit acknowledge- 
ment of frame communication, enhancing the true full- 
duplex nature of the HDLC/SDLC protocols. 


In contrast, BISYNC is basically half-duplex (two way 
alternate) because of necessity to transmit immediate 
acknowledgement frames. HDLC/SDLC therefore saves 
propagation delay times and have a potential of twice the 
throughput rate of BISYNC. 


It is possible to use HDLC or SDLC over half duplex lines 
but there is a corresponding loss in throughput because 
both are primarily designed for full-duplex communi- 
cation. As in any synchronous system, the bit rate is 
determined by the clock bits supplied by the modem, 
protocols themselves are speed independent. 


A byproduct of the use of zero-bit insertion-deletion 
technique is the non-return-to-zero invert (NRZI) data 
transmission/reception compatibility. The latter allows 
HDLC/SDLC protocols to be used with asynchronous 
data communication hardware in which the clocks are 
derived from the NRZI encoded data. 


References 


IBM Synchronous Data Link Contro! General Information, \|BM, GA27- 
3093-1. 

Standard Network Access Protocol Specification, DATAPAC, Trans- 
Canada Telephone System CCG111 

Recommendation X.25, ISO/CCITT March 2, 1976. 

IBM 3650 Retail Store System Loop Interface OEM Information, |BM, GA 
27-3098-0 

Guidebook to Data Communications, Training Manual, Hewlett-Packard 
5955-1715 

IBM Introduction to Teleprocessing, IBM, GC 20-8095-02 

System Network Architecture, Technical Overview, |BM, GA 27-3102 

System Network Architecture Format and Protocol, IBM GA 27-3112 


FRAME CHECK 
SEQUENCE (FCS) 


CLOSING 
FLAG (F) 


i“ jini 


Figure 1. Frame Format 
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FUNCTIONAL DESCRIPTION 


General 

The Intel® 8273 HDLC/SDLC controller is a microcom- 
puter peripheral device which supports the International 
Standards Organization (ISO) High Level Data Link 
Control (HDLC), and IBM Synchronous Data Link Control 
(SDLC) communications protocols. This controller 
minimizes CPU software by supporting a comprehensive 
frame-level instruction set and by hardware implemen- 
tation of the low level tasks associated with frame 
assembly/disassembly and data integrity. The 8273 can be 
used in either synchronous or asynchronous applications. 
In asynchronous applications the data can be program- 
med to be encoded/decoded in NRZI code. The clock is 
derived from the NRZI data using a digital phase locked 
loop. The data transparency is achieved by using a zero- 
bit insertion/deletion technique. The frames are automati- 
cally checked for errors during reception by verifying the 
Frame Check Sequence (FCS); the FCS is automatically 
generated and appended before the final flag in transmit. 


The 8273 recognizes and can generate flags (01111110), 
Abort, Idle, and GA (EOP) characters. 


The 8273 can assume either a primary (control) or a 
secondary (slave) role. It can therefore be readily 
implemented in an SDLC loop configuration as typified by 
the IBM 3650 Retail Store System by programming the 
8273 into a one-bit delay mode. In such aconfiguration, a 
two wire pair can be effectively used for data transfer 
between controllers and loop stations. The digital phase 
locked loop output pin can be used by the loop station 
without the presence of an accurate Tx clock. 


Hardware Description 


The 8273 is packaged in a 40 pin DIP. The following is a 
functional description of each pin. 


Pin Name (No.) I/O Description 


Vcc (40) +5V Supply 
GND (20) Ground 


RESET (4) | Ahigh signal on this pin will force 
the 8273 to an idle state. The 8273 
will remain idle until a command 
is issued by the CPU. The modem 
interface output signals are forc- 
ed high. Reset must be true for a 
minimum of 10 TCY. 

The RD and WR inputs are en- 
abled by the chip select input. 
The Data Bus lines are bidirec- 
tional three-state lines which in- 
terface with the system Data Bus. 
The Write signal is used to con- 
trol the transfer of either a com- 
mand or data from CPU to the 
8273. 

The Read signal is used to con- 
trol the transfer of either a data 
byte or a status word from the 
8273 to the CPU. 

The Transmitter interrupt signal 
indicates that the transmitter 
logic requires service. 

The Receiver interrupt signal in- 
dicates that the Receiver logic re- 
quires service. 


CS (24) l 


DB7-DBo (19-12) 1/O 


WR (10) l 


RD (9) l 


TXINT (2) O 


RxINT (11) O 


TxDRQ (6) 


RxRDQ (8) 


TxDACK (5) 


RxDACK (7) 


A1-Ao (22-21) 
TxD (29) 
TxC (28) 
RxD (26) 


RxC (27) 


32X CLK (25) 


DPLL (23) 


FLAG DET (1) 


RTS (35) 


CTS (30) 


CD (31) 


PA2-4 (32-34) 


PB1-4 (36-39) 


CLK (3) 
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O Requests a transfer of data be- 


O 


tween memory and the 8273 fora 
transmit operation. 


Requests a transfer of data be- 
tween the 8273 and memory fora 
receive operation. 


The Transmitter DMA acknow- 
ledge signal notifies the 8273 that 
the TxDMA cycle has_ been 
granted. 


The Receiver DMA acknowledge 
signal notifies the 8273 that the 
RxDMA cycle has been granted. 


These two lines are CPU Inter- 
face Register Select lines. 


This line transmits the serial data 
to the communication channel. 


The transmitter clock is used to 
synchronize the transmit data. 


This line receives serial data from 
the communication channel. 


The Receiver Clock is used to 
synchronize the receive data. 


The 32X clock is used to provide 
clock recovery when an asyn- 
chronous modem is used. In loop 
configuration the loop station 
can run without an accurate 1X 
clock by using the 32X CLK in 
conjunction with the DPLL out- 
put. (This pin must be grounded 
when not used). 


Digital Phase Locked Loop out- 
put can be tied to RxC and/or 
TxC when 1X clock is not avail- 
able. DPLL is used with 32X CLK. 


Flag Detect signals that a flag 
(01111110) has been received by 
an active receiver. 


Request to Send signals that the 
8273 is ready to transmit data. 


Clear to Send signals that the 
modem is ready to accept data 
from the 8273. 


Carrier Detect signals that the 
line transmission has started and 
the 8273 may begin to sample 
data on RxD line. 


General purpose input ports. The 
logic levels on these lines can be 
Read by the CPU through the 
Data Bus Buffer. 


General purpose output ports. 
The CPU can write these output 
lines through Data Bus Buffer. 


A square wave TTL clock. 


8273 


a 


CPU Interface 


The CPU interface is optimized for the MCS-80/85™ bus 
with an 8257 DMA controller. However, the interface is 
flexible, and allows either DMA or non-DMA data 
transfers, interrupt or non-interrupt driven. It further 
allows maximum line utilization by providing early 
interrupt mechanism for buffered (only the information 
field can be transferred to memory) Tx command over- 
lapping. It also provides separate Rx and Tx interrupt 
output channels for efficient operation. The 8273 keeps 
the interrupt request active until all the associated 
interrupt results have been read. 


The CPU utilizes the CPU interface to specify commands 
and transfer data. It consists of seven registers addressed 
via CS, A1, Ao, RD and WR signals and two independent 
data registers for receive data and transmit data. A1, Ao are 
generally derived from two low order bits of the address 
bus. If an 8080 based CPU is utilized, the RD and WR 
signals may be driven by the 8228 i/OR and I/OW. The 
table shows the seven register select decoding: 


Address Inputs Control Logic Inputs 


0 Status Command 
0 Result Parameter 
1 TxINT Result Test Mode 
1 


RxINT Result 


STATUS 


RESULT 


BUFFER | 


Figure 2. 8273 Block Diagram Showing CPU Interface 


Functions 


Register Description 
Command 


Operations are initiated by writing an appropriate 
command in the Command Register. 


Parameter 

Parameters of commands that require additional informa- 
tion are written to this register. 

Result 

Contains an immediate result describing an outcome of an 
executed command. 


Transmit Interrupt Result 


Contains the outcome of 8273 transmit operation 
(good/bad completion). 


Receive Interrupt Result 


Contains the outcome of 8273 receive operation (good/ 
bad completion), followed by additional results which de- 
tail the reason for interrupt. 


Status 


The status register reflects the state of the 8273 CPU 
Interface. 


DMA Data Transfers 


The 8273 CPU interface supports two independent data 
interfaces: receive data and transmit data. At high data 
transmission speeds the data transfer rate of the 8273 is 
great enough to justify the use of direct memory access 
(DMA) for the data transfers. When the 8273 is configured 
in DMA mode, the elements of the DMA interfaces are: 


TxDRQ: Transmit DMA Request 

Requests a transfer of data between memory and the 
8273 for a transmit operation. 

TxDACK: Transmit DMA Acknowledge 

The TxDACK signal notifies the 8273 that a transmit DMA 
cycle has been granted. 

RxDRQ: Receive DMA Request 


Requests a transfer of data between the 8273 and mem- 
ory for a receive operation. 
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RxDACK: Receive DMA Acknowledge 


The RxDACK signal notifies the 8273 that a receive DMA 
cycle has been granted. 


RD, WR: Read, Write 


The RD and WR signals are used to specify the direction of 
the data transfer. 


DMA transfers require the use of a DMA controller such as 
the Intel 8257. The function of the DMA controller is to 
provide sequential addresses and timing for the transfer, 
at a starting address determined by the CPU. Counting of 
data block lengths is performed by the 8273. 


To request a DMA transfer the 8273 raises the appropriate 
DMA REQUEST. DMA ACKNOWLEDGE and READ en- 
ables DMA data onto the bus (independently of CHIP 
SELECT). DMA ACKNOWLEDGE and WRITE transfers 
DMA data to the 8273 (independent of CHIP SELECT). 


It is also possible to configure the 8273 in the non-DMA 
data transfer mode. In this mode the CPU module must 
pass data to the 8273 in response to non-DMA data re- 
quests indicated by the status word. 


Modem Interface 


The 8273 Modem interface provides both dedicated and 


user defined modem control functions. All the signals are © 


active low so that EIA RS-232C inverting drivers (MC 1488) 
and inverting receivers (MC 1489) may be used to interface 
to standard modems. For asynchronous operation, this 
interface supports programmable NRZI data encode/ 
decode, a digital phase locked loop for efficient clock 
extraction from NRZI data, and modem control ports with 
automatic CTS, CD monitoring and RTS generation. This 
interface also allows the 8273 to operate in PRE-FRAME 
SYNC mode in which the 8273 prefixes 16 transitions to a 
frame to synchronize idle lines before transmission of the 
first flag. 


It should be noted that all the 8273 port operations deal 
with logical values, for instance, bit DO of Port A will bea 
one when CTS (Pin 30) is a physical zero (logical one). 


Port A — Input Port 


During operation, the_8273 interrogates input pins CTS 
(Clear to Send) and CD (Carrier Detect). CTS is used to 
condition the start of a transmission. If during transmis- 
sion CTS is lost the 8273 generates an interrupt. During 
reception, if CD is lost, the 8273 generates an interrupt. 


D %& B&F &% B BD BR QB 
tet s] | tf ff 
Ty | es — CLEAR TO SEND 


| [cD — CARRIER DETECT 


[USER DEFINED INPUT PAg, PA, PAz 


The user defined input bits correspond to the 8273 PAg, 
PA, and PA, pins. The 8273 does not interrogate or ma- 
nipulate these bits. 


Tx LOGIC 


CONTROL 
LOGIC 


Rx LOGIC 


Figure 3. 8273 Block Diagram Showing Control Logic 
Functions 


Port B - Output Port 


During normal operation, if the CPU sets RTS active, the 
8273 will not change this pin; however, ifthe CPU sets RTS 
inactive, the 8273 will activate it before each transmission 
and deactivate it one byte time after transmission. While 
the receiver is active the flag detect pin is pulsed each time 
a flag sequence is detected in the receive data stream. 
Following an 8273 reset, all pins of Port B are set toa high, 
inactive level. 


cima ‘aemnemeies RTS — REQUEST TO SEND 
USER DEFINED OUTPUT PBg, PB3, PB2, PB, 


FLAG DETECT 


The user defined output bits correspond to the state of 
PB4-PB pins. The 8273 does not interrogate or manipu- 
late these bits. 


12-146 


8273 


Serial Data Logic 


The Serial data is synchronized by the user transmit (TxC) 
and receive (RxC) clocks. The leading edge of TxC 
generates new transmit data and the trailing edge of RxC 
is used to capture receive data. The NRZI encoding/ 
decoding of the receive and transmit data is program- 
mable. 


The diagnostic features included in the Serial Data logic 
are programmable loop back of data and selectable clock 
for the receiver. In the loop-back mode, the data presented 
to the TxD pin is internally routed to the receive data input 


a 
x 
oO 


Figure 4. Transmit/Receive Timing 


Asynchronous Mode Interface 


Although the 8273 is fully compatible with the HDLC/ 
SDLC communication line protocols, which are primarily 
designed for synchronous communication, the 8273 can 
also be used in asynchronous applications by using this 
interface. The interface employs a digital phase locked 
loop (DPLL) for clock recovery from a receive data stream 
and programmable NRZI encoding and decoding of data. 
The use of NRZI coding with SDLC transmission 


circuitry in place of the RxD pin, thus allowing a CPU to 
send a message to itself to verify operation of the 8273. 


In the selectable clock diagnostic feature, when the data is 
looped back, the receiver may be presented incorrect 
sample timing by the external circuitry. The user may 
select to substitute the TxC pin for the RxC input on-chip 
so that the clock used to generate the loop back data is 
used to sample it. Since TxD is generated off the leading 
edge of TxC and RxD is sampled on the trailing edge, the 
selected clock allows bit synchronism. 


guarantees that within a frame, data transitions will occur 
at least every five bit times — the longest sequence of ones 
which may be transmitted without zero-bit insertion. The 
DPLL should be used only when NRZI coding is used 
since the NRZI coding will transmit zero sequence as line 
transitions. The digital phase locked loop also facilitates 
full-duplex and half-duplex asynchronous implemen- 
tation with, or without modems. 
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Digital Phase Locked Loop 


In asynchronous applications, the clock is derived from 
the receiver data stream by the use of the digital phase 
locked loop (DPLL). The DPLL requires a clock input at 32 
times the required baud rate. The receive data (RxD) is 
sampled with this 32X CLK and the 8273 DPLL supplies a 
sample pulse nominally centered on the RxD bit cells. The 
DPLL has a built-in “stiffness” which reduces sensitivity to 
line noise and bit distortion. This is accomplished by 
making phase error adjustments in discrete increments. 
Since the nominal pulse is made to occur at 32 counts of 
the 32X CLK, these counts are subtracted or added to the 
nominal, depending upon which quadrant of the four error 
quadrants the data edge occurs in. For example if an RxD 
edge is detected in quadrant A1, it is apparent that the 
DPLL sample “A” was placed too close to the trailing edge 
of the data cell; sample “B” will then be placed at T = 
(Tnominal - 2 counts) = 30 counts of the 32X CLK to move 
the sample pulse “B” toward the nominal center of the next 
bit cell. A data edge occuring in quadrant B1 would cause 
a smaller adjustment of phase with T = 31 counts of the 
32X CLK. Using this technique the DPLL pulse will 
converge to nominal bit center within 12 data bit times, 
worst case, with constant incoming RxD edges. 


A method of attaining bitsynchronism following a line idle 
is to use PRE-FRAME SYNC mode of transmission. 


DPLL 
SAMPLES 


QUADRANT Al 


ADJUSTMENT -2 


Figure 5. DPLL Sample Timing 
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Synchronous Modem — Duplex or Half Duplex Operation 


32xCLK 


GND N.C. GND N.C. 


32xCLK DPLL 


Asynchronous Modems — Half Duplex Operation 


32xCLK DPLL 


Asynchronous — No Modems — Duplex or Half Duplex 


32xCLK DPLL 32xCLK DPLL 
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SDLC Loop 


The DPLL simplifies the SDLC loop station implementa- 
tion. In this application, each secondary station on a loop 
data link is a repeater set in one-bit delay mode. The 
signals sent out on the loop by the loop controller (primary 
station) are relayed from station to station then, back to 
the controller. Any secondary station finding its address in 
the A field captures the frame for action at that station. All 
received frames are relayed to the next station on the loop. 


Loop stations are required to derive bit timing from the 
incoming NRZI data stream. The DPLL generates sample 
Rx clock timing for reception and uses the same clock to 
implement Tx clock timing. 


32xCLK  DPLL 


TxC RxC 


1X LOOP 
OSCILLATOR 


8273 
LOOP 
CONTROLLER 


RxD RxC 


8273 
LOOP 
TERMINAL 


TxC TxD 

8273 

LOOP 
TERMINAL 
Lo 7 
RxC 


DPLL 


DPLL 32xCLK 


32xCLK 


w 
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=o 
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Figure 6. SDLC Loop Application 
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PRINCIPLES OF OPERATION 


The 8273 is an intelligent peripheral controller which 
relieves the CPU of many of the rote tasks associated with 
constructing and receiving frames. It is fully compatible 
with the MCS-80/85™ system bus. As a peripheral device, 
it accepts commands from a CPU, executes these 
commands and provides an Interrupt and Result back to 
the CPU at the end of the execution. The communication 
with the CPU is done by activation of CS, RD, WR pins, 
while the A1, Ao select the appropriate registers on the 
chip as described in the Hardware Description Section. 


The 8273 operation is composed of the following 
sequence of events: 


CPU WRITES COMMAND AND PARAMETERS INTO THE 
8273 COMMAND AND PARAMETER REGISTERS. 


COMMAND PHASE 


EXECUTION PHASE 


RESULT PHASE 


THE 8273 SIGNALS THE CPU THAT THE EXECUTION 
HAS FINISHED. THE CPU MUST PERFORM A READ 
OPERATION OF ONE OR MORE OF THE REGISTERS. 


The Command Phase 


During the command phase, the software writes a com- 
mand to the command register. The command bytes pro- 
vide a general description of the type of operation re- 
quested. Many commands require more detailed infor- 
mation about the command. In such a case up to four 
parameters are written into the parameter register. The 
flowchart of the command phase indicates that a com- 
mand may not be issued if the Status Register indicates 
that the device is busy. Similarly if a parameter is issued 
when the Parameter Buffer shows full, incorrect operation 
will occur. 


The 8273 is a duplex device and both transmitter and 
receiver may each be executing a command or passing 
results at any given time. For this reason separate 
interrupt pins are provided. However, the command regis- 
ter must be used for one command sequence at a time. 


Status Register 


The status register contains the status of the 8273 activity. 
The description is as follows. 


D D, Do 


D, 0g DB 4 D3 = 
CBSY | CBF | CPBF |CRBF | RxINT| TxINT |RxIRA| TxIRA 


Bit 7 CBSY (Command Busy) 


Indicates in-progress command, set for CPU poll when 
Command Register is full, reset upon command phase 
completion. It is improper to write a command when CBSY 
is set; it results in incorrect operation. 


THE 8273 IS ON ITS OWN TO CARRY OUT THE COMMAND. - 


START 


MORE 
PARAMETERS 


NO 


NO 
WRITE 
PARAMETER 


Figure 7. Command Phase Flowchart 


Bit 6 CBF (Command Buffer Full) 


Indicates that the command register is full, it is reset when 
the 8273 accepts the command byte but does not imply 
that execution has begun. 


Bit 5 CPBF (Command Parameter Buffer Full) 


CPBF is set when the parameter buffer is full, and is reset 
by the 8273 when it accepts the parameter. The CPU may 
poll CPBF to determine when additional parameters may 
be written. 


Bit 4 CRBF (Command Result Buffer Full) 


Indicates that an executed command immediate result is 
present in the Result Register. It is set by 8273 and reset 
when CPU reads the result. 
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Bit 3 RxINT (Receiver Interrupt) 


RxINT indicates that the receiver requires CPU attention. 
It is identical to RxINT (pin 11) and is set by the 8273 either 
upon good/bad completion of a specified command or by 
Non-DMaA data transfer. It is reset only after the CPU has 
read the result byte or has received a data byte from the 
8273 in a Non-DMA data transfer. 


Bit 2 TxINT (Transmitter Interrupt) 


The TxINT indicates that the transmitter requires CPU 
attention. It is identical to TxINT (pin 2). It is set by 8273 
either upon good/bad completion of a specified command 
or by Non-DMA data transfer. It is reset only after the CPU 
has read the result byte or has transferred transmit data 
byte to the 8273 in a Non-DMaA transfer. 


Bit 1 RxIRA (Receiver Interrupt Result Available) 


The RxIRA is set by the 8273 when an interrupt result byte 
is placed in the RxIRA register. It is reset after the CPU has 
read the RxIRA register. 


Bit 0 TxIRA (Transmitter Interrupt Result Available) 


The TxIRA is set by the 8273 when an interrupt result byte 
is placed in the TxIRA register. It is reset when the CPU 
has read the TxIRA register. 


i) 
~~ 

oO 
o 

Oo 
a 


All 8-bits received 
DO received 
D,-Dg received 
D>-Do received 
D3-Dg received 
D4-Do received 
Ds-Do received 


Dg-Do received 


1) 
5 


oo oO oO 0 00 000 0 


The Execution Phase 


Upon accepting the last parameter, the 8273 enters into 
the Execution Phase. The execution phase may consist of 
a DMA or other activity, and may or may not require CPU 
intervention. The CPU intervention is elliminated in this 
phase if the system utilizes DMA for the data transfers, 
otherwise, for non-DMA data transfers, the CPU is 
interrupted by the 8273 via TxINT and RxINT pins, for 
each data byte request. 


The Result Phase 


During the result phase, the 8273 notifies the CPU of the 
execution outcome of a command. This phase is initiated 
by: 

1. The successful completion of an operation 

2. An error detected during an operation. 


To facilitate quick network software decisions, two types 
of execution results are provided: 


1. An Immediate Result 
2. A Non-Immediate Result 


i) 
w 
is) 
N 
Oo 
Oo 
° 


A; match or general receive 
Az match 

CRC error 

Abort detected 

Idle detect 

EOP detected 

Frame less than 32-bits 
DMA overrun detected 
Memory buffer overflow 


Carrier detect failure 


=—--=—3" s=oQoq0q0o09000”9e 
oooaoo--++00 0 
xa oo-».*-a oo = 6 6 
—=“o-o-o-oeoes4 +0 


Receive interrupt overrun 


Figure 8. Rx Interrupt Result Byte Format 


D7 


Figure 9. Tx Interrupt Result Byte Format 


Dg Ds Dg D3 D2 D, Do 


Dg D3 D2 DO, Do 

0 1 1 0 0 Early transmit interrupt 
0 1 1 0 1 Frame transmit complete 
0 1 1 1 0 DMA underrun 

0 1 1 1 1 Clear to Send (CTS) error 
1 0 0 0 0 Abort complete 
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Immediate result is provided by the 8273 for commands 
such as Read Port A and Read Port B which have 
information (CTS, CD, RTS, etc.) that the network 
software needs to make quick operational decisions. 


A command which cannot provide an immediate result will 
generate an interrupt to signal the beginning of the Result 
phase. The immediate results are provided in the Result 
Register; all non-immediate results are available upon 
device interrupt, through Tx Interrupt Result Register 
TxI/R or Rx Interrupt Result Register Rxl/R. The result 
may consist of a one-byte interrupt code indicating the 
condition for the interrupt and, if required, one or more 
bytes which detail the condition. 


NON-DMA DATA WRITE TxDATA 


TRANSFER USE TxDACK 
MODE ONLY AND WR 


SAVE STATUS 


READ STATUS 
REGISTER 


Tx and Rx Interrupt Result Registers 


The Result Registers have a result code, the three high 
order bits D7-Ds of which are set to zero for all but the 
receive command. This command result contains a count 
that indicates the number of bits received in the last byte. If 
a partial byte is received, the high order bits of the last data 
byte are indeterminate. 


READ TxlI/R INTERRUPT CODE 


RESULT PHASE FLOWCHART — Tx INTERRUPT RESULTS 


i 


Figure 10. Tx Interrupt Service 
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START 


SAVE STATUS 


READ STATUS 


REGISTER 


NO YES 


NON-DMA DATA] READ Rx DATA 
TRANSFER USE RxDACK 
MODE ONLY AND RD 


READ TxlI/R INTERRUPT CODE 


READ STATUS 
Rx INT = 1? 


=e 


YES 


READ STATUS 


RESULT 


RESULT PHASE FLOWCHART — INTERRUPT RESULTS 


AFTER COMMAND PHASE COMPLETION (READ PORT A, PORT B) 


READ STATUS READ RESULT 
REGISTER REGISTER 


wv 
nd 
< 
ren re 
ar 
=o 
co 
ud 
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RESULT PHASE FLOWCHART — IMMEDIATE RESULTS 


Figure 11. Rx Interrupt Service 
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DETAILED COMMAND DESCRIPTION 


General 


The 8273 HDLC/SDLC controller supports a comprehen- 
sive set of high level commands which allows the 8273 to 
be readily used in full-duplex, half-duplex, synchronous, 
asynchronous and SDLC loop configuration, with or 
without modems. These frame-level commands minimize 
CPU and software overhead. The 8273 has address and 
control byte buffers which allow the receive and transmit 
commands to be used in buffered or non-buffered modes. 


In buffered transmit mode, the 8273 transmits a flag 
automatically, reads the Address and Control buffer 
registers and transmits the fields, then via DMA, it fetches 
the information field. The 8273, having transmitted the 
information field, automatically appends the Frame Check 
Sequence (FCS) and the end flag. Correspondingly, in 
buffered read mode, the Address and Control fields are 
stored in their respective buffer registers and only 
Information Field is transferred to memory. 


In non-buffered transmit mode, the 8273 transmits the 
beginning flag automatically, then fetches and transmits 
the Address, Control and Information fields from the 
memory, appends the FCS character and an end flag. In 
the non-buffered receive mode the entire contents of a 
frame are sent to memory with the exception of the flags 
and FCS. 


HDLC Implementation 


HDLC Address and Control field are extendable. The 
extension is selected by setting the low order bit of the 
field to be extended to a one, a zero in the low order bit 
indicates the last byte of the respective field. 


Since Address/Control field extension is normally done 
with software to maximize extension flexibility, the 8273 
does not create or operate upon contents of the extended 
HDLC Address/Control fields. Extended fields are 
transparently passed by the 8273 to user as either 
interrupt results or data transfer requests. Software must 
assemble the fields for transmission and interrogate them 
upon reception. 


However, the user can take advantage of the powerful 
8273 commands to minimize CPU/Software overhead and 
simplify buffer management in handling extended fields. 
For instance buffered mode can be used to separate the 
first two bytes, then interrogate the others from buffer. 
Buffered mode is perfect for a two byte address field. 


The 8273 when programmed, recognizes protocol 
characters unique to HDLC such as Abort, which is a 
string of seven or more ones (01111111). Since Abort 
character is the same as the GA (EOP) character used in 
SDLC Loop applications, Loop Transmit and Receive 
commands are not recommended to be used in HDLC. 
HDLC does not support Loop mode. 


Initialization Set/Reset Commands 


These commands are used to manipulate data within the 
8273 registers. The Set commands have a single param- 
eter which is a mask that corresponds to the bits to be set. 
(They perform a logical-OR of the specified register with 
the mask provided as a parameter). The Register 
commands have a single parameter which is a mask that 
has a zero in the bit positions that are to be reset. (They 
sili a logical-AND of the specified register with the 
mask). 


Set One-Bit Delay (CMD Code A4) 


A, Ay 07 De Os O, D3 02 Dy Dg 


sig al TE 
joi CREME EE ES 


When one bit delay is set, 8273 retransmits the received 
data stream one bit delayed. This mode is entered at a 
receiver character boundary, and should only be used by 
Loop Stations. 


Reset One-Bit Delay (CMD Code 64) 


A, Ap DF DG OB DO D3 DJ QD BD 
cmp [0] Oo] Ov] yy] Be) | Be 
par:{o{1{folafrjtrfr{rj sta 


The 8273 stops the one bit delayed retransmission mode. 


Set Data Transfer Mode (CMD Code 97) 


A, Ag 9, 0g O95 Og OF D2 D D 


eae 8] OT pate ea 
rar:|o | 1 [o}o | o}o]o fo} of 1 | 


When the data transfer mode is set, the 8273 will interrupt 
when data bytes are required for transmission or are 
available from a receive. If a transmit interrupt occurs and 
the status indicates that there is no Transmit Result 
(TxIRA = 0), the interrupt is a transmit data request. If a 
receive interrupt occurs and the status indicates that there 
is no receive result (RxIRA = 0), the interrupt is a receive 
data request. 


Reset Data Transfer Mode (CMD Code 57) 

A; Ap 0, De 0, Ds Dz, Dy D, Dg 
emp:}o[elo}yfolsjolr {ata 
earsfotiti{rtrfr}rir{rfo 

If the Data Transfer Mode is reset, the 8273 data transfers 


are performed through the DMA requests without interrupt- 
ing the CPU. 


w~ 
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Set Operating Mode (CMD Code 91) 


A, Ay Dz Dg Ds Dy Dz Dy D, Dy 


ewo:{o]o|+{o]o[s {elo} o]s| 
eee pe 

1 = FLAG STREAM MODE 
1 = PREFRAME SYNC MODE 


1 = BUFFERED MODE 


1 = EARLY INTERRUPT MODE 


1 = EOP INTERRUPT MODE 


1 = HDLC MODE 


Reset Operating Mode (CMD Code 51) 


A, Ag D0, Dg Dg Dy D3 Dz Dy Dy 
emp: Joo} ol}s[ol+{ofo}o [| 
rar: folrta}1{} | | | | ff 
Any mode switches set in CMD code 91 can be reset using 


this command by placing zeros in the appropriate 
positions. 


(D5) HDLC Mode 

In HDLC mode, a bit sequence of seven ones (01111111) is 
interpreted as an abort character. Otherwise, eight ones 
(011111111) signal an abort. 


(D4) EOP Interrupt Mode 


In EOP interrupt mode, an interrupt is generated 
whenever an EOP character (01111111) is detected by an 
active receiver. This mode is useful for the implementation 
of an SDLC loop controller in detecting the end of a 
message stream after a loop poll. 


(D3) Transmitter Early Interrupt Mode (Tx) 


The early interrupt mode is specified to indicate when the 
8273 should generate an end of frame interrupt. When set, 
an early interrupt is generated when the last data 
character has been passed to the 8273. If the user software 
responds with another transmit command before the final 
flag is sent, the final flag interrupt will not be generated 
and a new frame will immediately begin when the current 
frame is complete. This permits frames to be separated by 
a single flag. If no additional Tx commands are provided, a 
final interrupt will follow. 


If this bit is zero, the interrupt will be generated only after 
the final flag has been transmitted. 


(D2) Buffered Mode 


If the buffered mode bit is set to a one, the first two bytes 
(normally the address (A) and control (C) fields) of a frame 
are buffered by the 8273. If this bit is a zero the address and 
control fields are passed to and from memory. 


(D1) Preframe Sync Mode 


If this bit is set to a one the 8273 will transmit two charac- 
ters before the first flag of a frame. 

To guarantee sixteen line transitions, the 8273 sends two 
bytes of data (00), if NRZI is set or data (55),, if NRZI is not 
set. 
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(DO) Flag Stream Mode 


If this bit is set to a one, the following table outlines the 
operation of the transmitter. 


TRANSMITTER STATE ACTION 


Idle Send Flags immediately. 
Transmit or she 


Send Flags after the 


Transparent Active transmission complete 


Loop Transmit Active Ignore command. 


1 Bit Delay Active Ignore command. 


If this bit is reset to zero the following table outlines the 
operation of the transmitter. 


TRANSMITTER STATE ACTION 


IDLE Send Idles on next character 
boundary. 


Send Idles after the transmission 
is complete. 


Transmit or Transmit- 
Transparent Active 


Loop Transmit Active 
1 Bit Delay Active 


Ignore command. 
Ignore command. 


Set Serial |1/O Mode (CMD Code AO) 
Ay By BD, Oy By By Dy OB By By 
ie ED EE EEE 
rarsfoli{ololololo] | | 
1 = NRZ1 MODE 


1 = TxC ->RxC 


1 = LOOP BACK TxD —> RxD 


Reset Serial |1/O Mode (CMD Code 60) 
This command allows bits set in CMD code AO to be reset 
by placing zeros in the appropriate positions. 


Ar Ay 27 Dg Dg Dg Dz D2 Dy Dy 
og ha COED ES EEE 
rams fol at ststafate| [tf 


(D2) Loop Back 


If this bit is set to a one, the transmit data is internally routed 
to the receive data circuitry. 


(D1) TxC —> RxC 


If this bit is set to a one, the transmit clock is internally 
routed to the receive clock circuitry. It is normally used 
with the loop back bit (D2). 


(DO) NRZI Mode 


If this bit is set to a one, NRZI encoding and decoding of 
transmit and receive data is provided. If this bit is a zero, the 
transmit and receive data is treated as a normal positive logic 
bit stream. 


NRZI encoding specifies that a zero causes a change in the 
polarity of the transmitted signal and a one causes no polarity 
change. NRZI is used in all asynchronous operations. 
Refer to IBM document GA27-3093 for details. 


8273 


Reset Device Command 


Ay Ap Dp De Bs Dy Dy De BD, De 
mr:{ 1 [o || o[o}o|olo| ol +] 
ma: 1 folofololololol{olo| 


An 8273 reset command is executed by outputing a (01)H 
followed by (00)H to the test mode register (TMR). See 8273 
AC timing characteristics for Reset pulse specifications. 


The reset command emulates the action of the reset pin. 
1. The modem control signals are forced high (inactive 
level). 
2. The 8273 status register flags are cleared. 
3. Any commands in progress are terminated immedi- 
ately. 


4. The 8273 enters an idle state until the next command is 
issued. 

5. The Serial 1/O and Operating Mode registers are set 
to zero and DMA data register transfer mode is 
selected. 

6. The device assumes a non-loop SDLC terminal role. 


Receive Commands 


The 8273 supports three receive commands: General 
Receive, Selective Receive, and Selective Loop Receive. 


General Receive (CMD Code C0) 


General receive is a receive mode in which frames are 
received regardless of the contents of the address field. 


Ai Ag D7 Dg Ds Da D3 D2 Di Do 
ewo:[o To] s[1]ojololojojo | 
=| fremont 

RECEIVE BUFFER LENGTH (BO) 
PAR: 


MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 
NOTES: 


1. If buffered mode is specified, the RO, R1 receive frame length 
(result) is the number of data bytes received. 

2. If non-buffered mode is specified, the RO, R1 receive frame 
length (result) is the number of data bytes received plus two 
(the count includes the address and control bytes). 

3. The frame check sequence (FCS) is not transferred to 
memory. 

4. Frames with less than 32 bits between flags are ignored (no 
interrupt generated) if the buffered mode is specified. 

5. In the non-buffered mode an interrupt is generated when a 
less than 32 bit frame is received, since data transfer requests 
have occurred. 

6. The 8273 receiver is always disabled when an Idle is received 
after a valid frame. The CPU module must issue a receive 
command to re-enable the receiver. 

7. The intervening ABORT character between a final flag and an 
IDLE does not generate an interrupt. 

8. If an ABORT Character is not preceded by a flag and is fol- 
lowed by an IDLE, an interrupt will be generated for the ABORT 
followed by an IDLE interrupt one character time later. The 
reception of an ABORT will disable the receiver. 


Selective Receive (CMD Code C1) 


Ai Ao D7 Dg Ds Da D3 D2 Dy Do 


LEAST SIGNIFICANT BYTE OF THE 

RECEIVE BUFFER LENGTH (BO) 

MOST SIGNIFICANT BYTE OF RECEIVE 

BUFFER LENGTH (B1) 

RECEIVE FRAME ADDRESS MATCH 

FIELD ONE (A1) 

RECEIVE FRAME ADDRESS MATCH 
FIELD TWO (A2) 


CMD: 


PAR: 


PAR: 


PAR: 


PAR: 


Selective receive is a receive mode in which frames are 
ignored unless the address field matches any one of two 
address fields given to the 8273 as parameters. 


When selective receive is used in HDLC the 8273 looks at 
the first character, if extended, software must then decide 
if the message is for this unit. 


Selective Loop Receive (CMD Code C2) 


A, Ag D7 Dg Ds Dag D3 Dz Dy Do 


LEAST SIGNIFICANT BYTE OF THE 
RECEIVE BUFFER LENGTH (BO) 
MOST SIGNIFICANT BYTE OF RECEIVE 
BUFFER LENGTH (B1) 
RECEIVE FRAME ADDRESS MATCH 
FIELD ONE (A1) 
RECEIVE FRAME ADDRESS MATCH 
FIELD TWO (A2) 
Selective loop receive operates like selective receive ex- 
cept that the transmitter is placed in flag stream mode 
automatically after detecting an EOP (01111111) following 


a valid received frame. The one bit delay mode is also 
reset at the end of a selective loop receive. 


Receive Disable (CMD Code C5) 
Terminates an active receive command immediately. 


CMD: 


PAR: 
PAR: 


PAR: 


PAR: 


Ai Ago D7 Dg Ds Dag D3 Dz Dy Do 


eg EE ee 


PAR: NONE 
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Transmit Commands 


The 8273 supports three transmit commands: Transmit 
Frame, Loop Transmit, Transmit Transparent. 


Transmit Frame (CMD Code C8) 


Ai Ao D7 Dg D5 Dag D3 Dz Dy Do 


LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LO) 
_— MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (L1) 
PAR: fo | 1 | ADDRESS FIELD OF TRANSMIT FRAME (A) 
PAR: Fo | 1] CONTROL FIELD OF TRANSMIT FRAME (C) 


CMD: 


PAR: 


Transmits one frame including: initial flag, frame check 
sequence, and the final flag. 


If the buffered mode is specified, the LO, L1, frame length 
provided as a parameter is the length of the information 
field and the address and control fields must be input. 


In unbuffered mode the frame length provided must be the 
length of the information field plus two and the address 
and control fields must be the first two bytes of data. Thus 
only the frame length bytes are required as parameters. 


Loop Transmit (CMD Code CA) 


Ai Ago D7 Dg Ds Dg D3 Dz Dy Dog 
potots{tjofolspofita | 


1 LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LO) 
: pa MOST SIGNIFICANT BYTE OF 


FRAME LENGTH (L1) 
ADDRESS FIELD OF TRANSMIT FRAME (A) 


PAR: fol 1] CONTROL FIELD OF TRANSMIT FRAME (C) 


Transmits one frame in the same manner as the transmit 
frame command except: 


1. This command should be given only in one-bit delay 
mode. 

2. If the flag stream mode is not active transmission will 
begin after a received EOP has been converted to a 
flag. 

3. If the flag stream mode is active transmission will 
begin at the next flag boundary for buffered mode or at 
the third flag boundary for non-buffered mode. 

4. At the end of a loop transmit the one-bit delay mode is 
entered and the flag stream mode is reset. 


Transmit Transparent (CMD Coded C9) 


Ai Ago D7 Dg Dg Dg D3 Do Dy Do 


1 LEAST SIGNIFICANT BYTE OF 
FRAME LENGTH (LO) 
MOST SIGNIFICANT BYTE OF 
FRAME LENGTH (L1) 
The 8273 will transmit a block of raw data without 


protocol, i.e., no zero bit insertion, flags, or frame check 
sequences. 


CMD: 


PAR: 


PAR: 


Abort Transmit Commands 


An abort command is supported for each type of transmit 
command. The abort commands are ignored if a transmit 
command is not in progress. 


Abort Transmit Frame (CMD Code CC) 


Ai Ao D7 Dg Dg Dg D3 Dz Dy Do 


emo:| of of 1] 1Jo] ofr} 1] ofo | 


PAR: NONE 


After an abort character (eight contiguous ones) is trans- 
mitted, the transmitter reverts to sending flags or idles as a 
function of the flag stream mode specified. 


Abort Loop Transmit (CMD Code CE) 


Ai Ao D7 Dg Ds Dg D3 Do Dy Do 


eum) OL OTe es 


PAR: NONE 


After a flag is transmitted the transmitter reverts to one bit 
delay mode. 


Abort Transmit Transparent (CMD Code CD) 


Ai Ao D7 Dg Ds Dg D3 D2 Dy Do 


omo:{ o{ of 1] afotofi{sfol[:] 


PAR: NONE 


The transmitter reverts to sending flags or idles as a func- 
tion of the flag stream mode specified. 
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Modem Control Commands 
The modem control commands are used to manipulate the 
modem control ports. 


When read Port A or Port B commands are executed the 
result of the command is returned in the result register. 
The Bit Set Port B command requires a parameter that is a 
mask that corresponds to the bits to be set. The Bit Reset 
Port B command requires a mask that has a zero in the bit 
positions that are to be reset. 


Read Port A (CMD Code 22) 


Ai Ao D7 Dg Ds Dqg D3 Do Dy Dog 


eet IEICE ee 


PAR: NONE 


Read Port B (CMD Code 23) 


oo: Le} o {ole {+ fo}e}eo] se) 


PAR: NONE 


Set Port B Bits (CMD Code A3) 
This command allows user defined Port B pins to be set. 


Ay Ag D7 Dg Ds Da D3 D» D, Do 


emo of ofofs}s}ofolof ria 
rarsfoTafofo] | | | jf 
| RTS — REQUEST TO SEND 


USER DEFINED 


FLAG DETECT 


8273 Command Summary 


Command Description 


Reset One Bit Delay 


Reset Data Transfer Mode 


Set Serial |/O Mode 
Reset Serial |1/O Mode 


None 


Abort Loop Transmit None 
Abort Transmit Transparent None 
Read Port A None 


-| Command 


na 
<a a oe 
[Set Operating Mode =| ~~=«ST~~*d*«Set Mask | None =< ~~—~S<dY~SCSC*~‘wNSC* 
Reset Operating Mode | -s1_—~| Reset Mask [None =~ —=«d| SSN 
60 | Reser Mask | Nore) 


<a 
[Transmit Transparent ‘| 68 tony) ei 
[eet Tare me [65 fos ie 


(Ds) Flag Detect 


This bit can be used to set the flag detect pin. However, it 
will be reset when the next flag is detected. 


(D4-D1) User Defined Outputs 


These bits correspond to the state of the PB4-PB1 output 
pins. 


(Do) Request to Send 


This is a dedicated 8273 modem control signal, and 
reflects the same logical state of RTS pin. 


Reset Port B Bits (CMD Code 63) 
This command allows Port B user defined bits to be reset. 


A, Ag D7 Dg Dg Dg Dz Dz Dy Dg 
cmo:}o | o | ol 1{ 1] o{ of of 1] 1] 
rar fotstal+] [ | | i | 
| RTS — REQUEST TO SEND 
USER DEFINED 


FLAG DETECT 


This command allows Port B (D4-D1) user defined bits to 
be reset. These bits correspond to Output Port pins (PB4- 
PB). 


Result Completion 
Port interrupt 


Yes 
Yes 
Yes 
None No 
Yes 
Yes 


TXI/R 


IC 

IC 

IC 

IC 
[None 


Yes 
Yes 
Yes 

es 
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8273 Command Summary Key 


BO — Least significant byte of the receive buffer 
length. 
B1 — Most significant byte of the receive buffer SYSTEM BUS 
length. 
LO — Least significant byte of the Tx frame length. 
L1 — Most significant byte of the Tx frame length. 
Al — Receive frame address match field one. 
A2 — Receive frame address match field two. 
A — Address field of received frame. If non-buffered : 
mode is specified, this result is not provided. om aes | aaa 
Cc — Control field of received frame. If non-buffered ‘ 
mode is specified this result is not provided. ‘peecoecerceteome! 
RX1/R — ‘Receive interrupt result register. 
TXI/R — Transmit interrupt result register. Figure 14. 8273 System Diagram 
RO — Least significant byte of the length of the frame 
received. 
R1 — Most significant byte of the length of the frame 
received. 
Ic — Interrupt result code (see table). 


GENERAL 
COMMAND { RECEIVE 


RoR 
DLE FLAG | FLAG | FLAG 
DATAIN FLAG A c \, FCS, Fes, | FLAG oR oR oR 
FLAG ; aBort | 10LE IDLE 
DMA REQUESTS 
OR A Cc 1 
DATA INTERRUPTS 
aes 
NON BUFFERED MOD 
ON Es ED MORE FRAME POSSIBLE 
CPU INTERRUPTS COMPLETE IOLE INTERRUPT 


Figure 12. Typical Frame Reception 


COMMAND 


FRAME 
IDLE IDOLE IDLE 
Tx DATA OR OR FLAG c FCS, FCs, FLAG OR 
FLAG FLAG FLAG 


RTS 


| TRANSMIT 


cts 


DATA REQUESTS 
A c \ ig 15 
DATA INTERRUPTS 


ed 
NON-BUF FERED MODE TRANSMISSION 
COMPLETE 
CPU INTERRUPTS TNTERRUST 
™~ 


~*~ EARLY Tx INTERRUPT 


w 
ee | 
= 
> 
or 
=o 
fo a 
lu 
Qa 


Figure 13. Typical Frame Transmission 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias ........ 0°C to 70°C 
Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin With 

RespecttoGround .................000. -0.5Vto+7V 
POWEr DIGSIOGUON pescunrsesvverenvcccunemnns 1 Watt 


D.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Voc = +5.0V +5% 


“COMMENT: Stresses above those listed under “Absolute 
Maximum Ratings” may cause permanent damage to the 
device. This is a stress rating only and functional 
operation of the device at these or any other conditions 
above those indicated in the operational sections of this 
specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 


CAPACITANCE 


Ta = 25°C; Vcc = GND = OV 


Symbol Parameter Min, 
CIN Input Capacitance Yd 
Cio 1/O Capacitance a 


Test Conditions 
tc = 1MHz 


Unmeasured Pins 
Returned to GND 


12-161 


wm 
oie 
<< 
> 

pe sc 
Sa 
Cc 
ww 
a 


8273 


A.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Veco = +5.0V +5% 
Read Cycle 


tac Select Setup to RQ 
tc Select Hold from RD a ae 


taD Data Delay from Address 


Test Conditions 


tRD ns CL = 150pF 
tor ns Ci = 20pF for 
Minimum; 150pF for 
Maximum 
Write Cycle 


Test Conditions 


tww 200 


=| 
n” 


pe | 
no 


” 


=) 
n” 


Test Conditions 


3 
7) 


150 


Symbol | Max. | Unit | Test Conditions 
: 
: 
trsts ee 
toy ee ee 
_ tou oT Note 2 
ton Note 2 
tDCL Data Clock Low 
toCH Data Clock High 200 ee eee 

weyt60 | 


Ww 
pay | 
<x 
>t 
Se 
=o 
Cc 
Lud 
a 


=) 
“” 


NOTES: 


1. All timing measurements are made at the reference voltages unless otherwise specified: 


Input “1” at 2.0V, “O” at 0.8V 
Output “1” at 2.0V, “O” at 0.8V 


2. TO be specified. 
3. 64K baud maximum operating rate. 
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WAVEFORMS 


Read Waveforms 


'RR tca 
RD 
tac tro tor 
DATA BUS = = ome mmm femme meme me ee ee ee ee 
tad 
Write Waveforms 
Ao, Ay, CS, DACK 
tac tww tca 


tow two 


DMA Waveforms 


DRO 
a 


DACK 


RD OR WR 


CHIP CLOCK 


teL tcH 
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Transmit Data Waveforms 


TxC 


«trp 


Receive Data Waveforms 


tos —— ton 


DPLL Output Waveform 


DPLL 


a py js 


Flag Detect Output Waveform 


FLAG DET 


ret teLp a 
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8275 
PROGRAMMABLE CRT CONTROLLER 


= Programmable Screen and Character = Fully MCS-80™ and MCS-85™ 
Format Compatible 
= 6 Independent Visual Field Attributes = Dual Row Buffers 


= 11 Visual Character Attributes 
(Graphic Capability) 


= Cursor Control (4 Types) a Single +5V Supply 
= Light Pen Detection and Registers = 40-Pin Package 


= Programmable DMA Burst Mode 


The Intel® 8275 Programmable CRT Controller is a single chip device to interface CRT raster scan displays with 
Intel® microcomputer systems. Its primary function is to refresh the display by buffering the information from main 
memory and keeping track of the display position of the screen. The flexibility designed into the 8275 will allow simple 
interface to almost any raster scan CRT display with a minimum of external hardware and software overhead. 


PIN CONFIGURATION BLOCK DIAGRAM 


CHARACTER 
K 
COUNTER een 


(2) 80 X 8 


ROW BUFFERS 


BUFFER BUFFER 
(—\ INPUT OUTPUT r——, CCo_6 
CONTROL-}{CONTROL- 
LER LER 


1 
2 
3 
4 
5 
6 
Y 
8 
9 


(2) 16 X7 


LINE 

COUNTER i *0+8 
ROW 

COUNTER 


RASTER TIMING 
AND 


VIDEO CONTROL 


PIN NAMES 


wm 
Se 
<x 
2 
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B1—DIRECTIONAL DATA BUS LCo-3 LINE COUNTER OUTPUTS 


IGHT PEN 
L 
—v REGISTERS RPES 


K DMA ACKNOWLEDGE INPUT HRTC HORIZONTAL RETRACE OUTPUT 


INTERRUPT REQUEST OUTPUT VRTC VERTICAL RETRACE OUTPUT 


READ STROBE INPUT HIGHLIGHT OUTPUT 


WRITE STROBE INPUT RVV REVERSE VIDEO OUTPUT 


REGISTER ADDRESS INPUT LTEN | LIGHT ENABLE OUTPUT 
CHIP SELECT INPUT VIDEO SUPPRESS OUTPUT 
CCLK | CHARACTER CLOCK INPUT GPAg_1 | GENERAL PURPOSE ATTRIBUTE OUTPUTS 


CCo-6 CHARACTER CODE OUTPUTS | LPEN LIGHT PEN INPUT 
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PIN DESCRIPTIONS 


Pin # Pin Name 1/O 


oO BWNH— 


10 


11 


12 
13 
14 
15 
16 
17 
18 
19 


20 


LC3 
LC> 
LCy 
LCo 


DRQ 


DACK 


HRTC 


VRTC 


LPEN 


DBo 
DB, 
DB92 
DB3 
DBg 
DBs 
DBg 
DB7 


Ground 


O 


1/0 


Pin Description 


Line count. Output from the line count- 
er which is used to address the character 
generator for the line positions on the 
screen. 


DMA request. Output signal to the 8257 
DMA controller requesting a DMA cycle. 


DMA acknowledge. Input signal from 
the 8257 DMA controller acknowledging 
that the requested DMA cycle has been 
granted. 


Horizontal retrace. Output signal which 
is active during the programmed hori- 
zontal retrace interval. During this peri- 
od the VSP output is high and the 
LTEN output is low. 


Vertical retrace. Output signal which is 
active during the programmed vertical 
retrace interval. During this period the 
VSP output is high and the LTEN out- 
put is low. 


Read input. A control signal to read 
registers. 


Write input. A control signal to write 
commands into the control registers or 
write data into the row buffers during a 
DMA cycle. 


Light pen. Input signal from the CRT 
system signifying that a light pen signal 
has been detected. 

Bi-directional three-state data bus lines. 


The outputs are enabled during a read of 
the C or P ports. 


Ground 


Pin # Pin Name I/O 


40 


39 
38 


av 


36 


35 


34 
33 


32 


31 
30 


29 
28 
27 
26 
25 
24 
23 


22 


21 


12-166 


Vcc 
LAg O 
LA4 


LTEN O 


RVV O 


VSP O 


GPA 4 O 
GPAg 


HLGT O 


IRQ O 
CCLK | 


Pin Description 
+5V power supply 


Line attribute codes. These attribute 
codes have to be decoded externally by 
the dot/timing logic to generate the 
horizontal and vertical line combinations 
for the graphic displays specified by the 
character attribute codes. 


Light enable. Output signal used to 
enable the video signal to the CRT. This 
Output is active at the programmed 
underline cursor position, and at posi- 
tions specified by attribute codes. 


Reverse video. Output signal used to 
indicate the CRT circuitry to reverse the 
video signal. This Output is active at the 
cursor position if a reverse video block 
cursor is programmed or at the positions 
specified by the field attribute codes. 


Video suppression. Output signal used to 
blank the video signal to the CRT. This 
Output is active: 


— during the horizontal and vertical re- 
trace intervals. 


— at the top and bottom lines of rows if 
underline is programmed to be number 
8 or greater. 

— when an end of row or end of screen 
code is detected. 


— When aDMA underrun occurs. 


— at regular intervals (1/16 frame fre- 
quency for cursor, 1/32 frame fre- 
quency for character and field attri- 
butes) — to create blinking displays 
as specified by cursor, character attri- 
bute, or field attribute programming. 


General purpose attribute codes. Out- 
puts which are enabled by the general 
purpose field attribute codes. 


Highlight. Output signal used to intensi- 
fy the display at particular positions on 
the screen as specified by the character 
attribute codes or field attribute codes. 


Interrupt request. 
Character clock (from dot/timing logic). 


Character codes. Output from the row 
buffers used for character selection in 
the character generator. 


Chip select. The read and write are en- 
abled by CS. 


Port address. A high input on Ag selects 
the ‘’C’’ port or command registers and a 
low input selects the ‘‘P’’ port or param- 
eter registers. 


8275 


FUNCTIONAL DESCRIPTION 


. e 8275 to the system Data Bus. 


r “This functional block accepts inputs from the System Con- 

-trol Bus and generates control signals for overall device 
operation. It contains the Command, Parameter, and Status 
Registers that store the various control formats for the 
device functional definition. 


OPERATION REGISTER 


Ta [ wie | rec 


SREG 
CREG 


RD (Read) 
A “low” on this input informs the 8275 that the CPU is 
reading data or status information from the 8275. 


WR (Write) 

A “low” on this input informs the 8275 that the CPU is S$ 

writing data or control words to the 8275. Figure 1. 8275 Block Diagram Showing Data Bus Buffer 
and Read/Write Functions 


CS (Chip Select) 
A “low” on this input selects the 8275. No reading or writ- 


ing will occur unless the device is selected. When CS is high, Ao RD WR CS 
RD WR wil 

the Data Bus in the float state and RD and WR will have no 0 0 1 0 Write 8275 Parameter 
effect on the chip. 

0 1 0 0 Read 8275 Parameter 
DRQ (DMA Request) 1 0 1 0 Write 8275 Command 

1 1 0 0 Read 8275 Status 

A “high” on this output informs the DMA Controller that Xx 1 ; 0  ThreeState 
the 8275 desires a DMA transfer. Xx X Xx 1 Hipeestaen 


DACK (DMA Acknowledge) 


A “low” on this input informs the 8275 that a DMA cycle 
is in progress. 


IRQ (interrupt Request) 


A “high’”” on this output informs the CPU that the 8275 
desires interrupt service. 


J) 
a) 
<< 
co 
uw 
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8275 


row and the length of the horizontal retrace interval. It 
‘driven by the CCLK (Character Clock) input, which 
should be a derivative of the external dot clock. 


Line Counter 

The Line Counter is a programmable counter that is used to 
determine the number of horizontal lines (Sweeps) per 
character row. Its outputs are used to address the external 
character generator ROM. 


Row Counter 


The Row Counter is a programmable counter that is used to 
determine the number of character rows to be displayed per 
frame and length of the vertical retrace interval. 


Light Pen Registers 


The Light Pen Registers are two registers that store the con- 
tents of the character counter and the row counter when- 
ever there is a rising edge on the LPEN (Light Pen) input. 


Note: Software correction is required. 


Raster Timing and Video Controls 


The Raster Timing circuitry controls the timing of the 
HRTC (Horizontal Retrace) and VRTC (Vertical Retrace) 
outputs. The Video Control circuitry controls the genera- 
tion of LAp_; (Line Attribute), HGLT (Highlight), RVV 
(Reverse Video), LTEN (Light Enable), VSP (Video Sup- 
press), and GPAop_; (General Purpose Attribute) outputs. 


Row Buffers 


The Row Buffers are two 80 character buffers. They are 
filled from the microcomputer system memory with the 
character codes to be displayed. While one row buffer is 
displaying a row of characters, the other is being filled with 
the next row of characters. 


CHARACTER 
COUNTER 
_(2soxs | 
ROW BUFFERS § 


COUNTER 
ROW 
COUNTER 


RASTER TIMING 
AND 
VIDEO CONTROL 


LIGHT PEN 
REGISTERS 


Figure 2. 8275 Block Diagram Showing Counter and 
Register Functions 


FIFOs 


There are two 16 character FIFOs in the 8275. They are 
used to provide extra row buffer length in the Transparent 
Attribute Mode (see Detailed Operation section). 


Buffer Input/Output Controllers 


The Buffer Input/Output Controllers decode the characters 
being placed in the row buffers. If the character is a charac- 
ter attribute, field attribute or special code, these con- 
trollers control the appropriate action. (Examples: An 
“End of Screen—Stop DMA” special code will cause the 
Buffer Input Controller to stop further DMA requests. A 
Highlight’ field attribute will cause the Buffer Output 
Controller to activate the HGLT output.) 
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SYSTEM OPERATION 


The 8275 is programmable to a large number of different It is designed to interface with the 8257 DMA Controller 


display formats. It provides raster timing, display row buf- and standard character generator ROMs for dot matrix 
fering, visual attribute decoding, cursor timing, and light decoding. Dot level timing must be provided by external 
pen detection. circuitry. 


SYSTEM BUS 


DBo_7 


CHARACTER VIDEO SIGNAL 


GENERATOR 


HORIZONTAL SYNC 


8275 


DOT 


CRT 
CONTROLLER isi VERTICAL SYNC 
COLE INTERFACE 
INTENSITY 


VIDEO CONTROLS 


Figure 3. 8275 Systems Block Diagram Showing Systems Operation 
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General Systems Operational Description 


The 8275 provides a ‘“‘window”’ into the microcomputer 
system memory. 


Display characters are retrieved from memory and dis- 
played on a row by row basis. The 8275 has two row buf- 
fers. While one row buffer is being used for display, the 
other is being filled with the next row of characters to be 
displayed. The number of display characters per row and 
the number of character rows per frame are software pro- 
grammable, providing easy interface to most CRT displays. 
(See Programming Section.) 


The 8275 requests DMA to fill the row buffer that is not 
being used for display. DMA burst length and spacing is 
programmable. (See Programming Section.) 


The 8275 displays character rows one line at a time. 


1st 2nd 3rd 
Character Character 


Character Character 


The number of lines per character. row, the underline posi- 
tion, and blanking of top and bottom lines. are. program- 
mable. (See Programming Section.) : 


The 8275 provides special Control Codes which can be used 
to minimize DMA or software overhead. It also provides 
Visual Attribute Codes to cause special action or symbols 
on the screen without the use of the character generator 
(see Visual Attributes Section). 


The 8275 also controls raster timing. This is done by gen- 
erating Horizontal Retrace (HRTC) and Vertical Retrace 
(VRTC) signals. The timing of these signals is program- 
mable. 


The 8275 can generate a cursor. Cursor location and format 
are programmable. (See Programming Section.) 


The 8275 has a light pen input and registers. The light pen 
input is used to load the registers. Light pen registers can be 
read on command. (See Programming Section.) 


5th 6th 7th 
Character Character Character 


OOS SBBOOOBDOOOBOO ee eB BBOOOCOOODODOOU RBBB OODDeesBOoOoOsBDOOsD 


First Line of a Character Row 


Ist 2nd 3rd 
Character Character Character 


OOSSBESSBOOOBDOOOBO OBB BEB BOOOOOOOCOs mee OooDOOsesOoOoOB8ooOosD 
OBOODOOSBODOMBOOOBOOBOOOOOOOOOOOOOSBDOOSDOBODODODSODOBDODORBD 


Second Line of a Character Row 


1st 2nd 3rd 
Character Character Character 


Character 


Character 


5th 6th 7th 
Character Character Character 


5th 6th 7th 
Character Character Character 


OOSS88OO008OO00OB8D OSs 


OOOOOOOOCO RB BBOOODmRmABOD 


Sea OmOO0O0Os80 
OB0OOOsOOsBOOOSBOOBDODODODODOODODOOOSBDOOSOOBODOOSODOSBOODOSD 
OsOoOooOsoOoOsSOOOOsDOBOOODOOOOOOOOODOSBOOOSBDOBSOOOSDOSBDODOSD 


Third Line of a Character Row 


1st 2nd 3rd 
Character Character Character 


ee | eee) eee] elie ft 


Character 


a 
Os@O0O0O00s8O0OsSBOOoUBDOsBOO 
OB@OOOOSDOBOBOOBDUOBOO 

a 


5th 6th 7th 
Character Character Character 


OBOOOOSDOBDOOOBUORs 
OBOOOOS8ODOSBOOBOBDOEBDD 


O 
O 
OBOOOOB8ODODSBOOOEECOSBDOOOO 


gOOO 
OOOO 
OO00 
OOOO 
OOOO 
OO00 


OOOOOOsSO0s80 


OOBBSBBOOOROOOOBOO BR meBBOOOOOO0O0OBDOBOO 


Seventh Line of a Character Row 


Figure 4. Display of a Character Row 
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8275 


ire_ scanned, the 


Display Row Buffering After all the lines of the character rov ; 
ed and the same 


Before the start of a frame, the 8275 requests DMA and roles of the two row buffers are revers 
one row buffer is filled with characters. procedure is followed for the next row. 


CHARACTER 
COUNTER ore 
CHARACTER 
COUNTER 


ROW BUFFER 


CCo_¢ 
CCo_¢ 
LCo_3 
LCo_3 
READ/ 
WRITE/ 
DMA LAg-1 
CONTROL HRTC — 
LOGIC RASTER TIMING vatc eins 
AND 
VIDEO CONTROL RVV RASTER TIMING VRTC 
LTEN AND HLGT 
VSP VIDEO CONTROL CEN 
ont vsP 
|___) GPAp-1 


LIGHT PEN 
(—y REGISTERS LPEN aan 
\/ REGISTERS LPEN 


Figure 5. First Row Buffer Filled 


. Figure 7. First Buffer Filled with Third Row, 
When the first horizontal sweep is started, character codes Second Row Displayed 
are output to the character generator from the row buffer 
just filled. Simultaneously, DMA begins filling the other 
row buffer with the next row of characters. This is repeated until all of the character rows are dis- 


played. 
CHARACTER COLK 
COUNTER 
ROW BUFFERS 
CCo_6 
LCo_3 


READ/ 
WRITE/ 
DMA 
CONTROL 
LOGIC 


LAg—1 


HRTC 
VRTC 
HLGT 
RVV 
LTEN 
vsP 


GPAg_4 
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RASTER TIMING 
AND 
VIDEO CONTROL 


LIGHT PEN 
REGISTERS 


Figure 6. Second Buffer Filled, First Row Displayed 
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Display Format 


Screen Format 


The 8275 can be programmed to generate from 1 to 80 
characters per row, and from 1 to 64 rows per frame. 


23456789 


1 
2 
= 
4 
5 
6 
7 
8 
9 


Figure 8. Screen Format 


The 8275 can also be programmed to blank alternate rows. 
In this mode, the first row is displayed, the second blanked, 
the third displayed, etc. DMA is not requested for the 
blanked rows. 


123456789 


Figure 9. Blank Alternate Rows Mode 


Row Format 


The 8275 is designed to hold the line count stabi 
outputting the appropriate character codes during ¢ 
horizontal sweep. The line count is incremented during 
horizontal retrace and the whole row of character codes are 
output again during the next sweep. This is continued until 
the whole character row is displayed. 


The number of lines (horizontal sweeps) per character row 
is programmable from 1 to 16. 


The output of the line counter can be programmed to be in 
one of two modes. 


In mode O, the output of the line counter is the same as the 
line number. 


In mode 1, the line counter is offset by one from the line 
number. 


Note: In mode 1, while the first line (line number O) is being dis- 
played, the /ast count is output by the line counter (see 


examples). 
Line Line 
Line Counter Counter 
Number Mode 0 Mode 1 
@) 000000 00 0 QQ0Q 11171 
1 OO00 8 OO 0 0 0001 0000 
a ooo mwoPePanoo Dd 8010 0001 
3 O Omg O 0O 0 f8 OXO 0011 0010 
4 Omoaododn’coaodsoa oi00o 0011 
5 O®@® OOOO 0 0 8 QO 0101 0100 
6 Om ©@ @ Bee e|@ 0 Oo110 0101 
7 Omdoddads& a 0111 0110 
8 Omoodadaodnsoa 19000 0111 
9 Om Oddo UO LUO Uh OO 1001 1000 
10 oOHO0aq00 0000 1010 1001 
11 UCGCe OB ea oa ee 1611 1010 
12 HOUAeeRaoOAaAD 1100 1011 
13 OOOO O BODO 1101 1100 
14 O0OO0000dc0HOUrUDUOUdUCOOUdUOOUODlhUh1110 1101 
15 Oo0 OO oO oO Oo ODO 1111 1110 


Figure 10. Example of a 16-Line Format 


Line Line 

Line Counter Counter 
Number Mode 0 Mode 1 
0 OO 00ag0d0 0 0 0000 1001 
1 O0c0c0@80 0 0 0001 0000 
2 OOmg of 0 0 0010 0001 
3 Omodos:m@ad 0011 0010 
4 Omodoaodd ao 0100 0011 
5 Om@meesges:so 0101 0100 
6 Omgododododds# oa 0170 0101 
7 Omoododdsm do 0111 0110 
8 Ooo 0ao0 0 0 1000 0111 
9 ee ee eee 1001 1000 


Figure 11. Example of a 10-Line Format 


Mode OQ is useful for character generators that leave address 
zero blank and start at address 1. Mode 1 is useful for char- 
acter generators which start at address zero. 
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Underline placement is also programmable (from line num- 
ber 0 to 15). This is independent of the line counter mode. 


If the line number of the underline is greater than 7 (line 
number MSB = 1), then the top and bottom lines will be 
blanked. 


Line Line 

Line Counter Counter 
Number Mode 0 Mode 1 
0 oOoagqodoadaadadano qQooo 1011 
1 O0O0ogd06Ud0UcdUdWwHWUOBDDUN OO 8001 0000 
2 0DOomn8 ame adu0 oO. 0010 0001 
3 0DOmaneagunoawm oa 0011 0010 
4 Omgoaongdunodnd # 0 0100 0011 
5 Dmeweoadadoaondasa oi10 0100 
6 Omg @eBeBeesee 0 0110 0101 
7 Omoadooodgma 0111 0110 
8 Omodadaasma:5 1900 071°1 
9 Omoudadadasa i1Q9oti 1000 
10 saeeegsgse#eees#® ioio 1001 
11 ee ee eee ee 1010 


Top and Bottom 
Lines are Blanked 


Figure 12. Underline in Line Number 10 


If the line number of the underline is less than or equal to 7 
(line number MSB = 0), then the top and bottom lines will 
not be blanked. 


Line Line 

Line Counter Counter 
Number Mode 0 Mode 1 
6) OoOoaogmeaqaaqda 0000 0111 
1 OO@maqmca 0 0001 0000 
Z Omoddsms 0010 0001 
3 Omodask#la 0011 0010 
4 Omeeesees: io 0100 0011 
5 Omooddesm =a 0101 0100 
6 Omoddaesrs 0110 0101 
7 gaeegees8e#s 0111 0110 


Top and Bottom 
Lines are not Blanked 


Figure 13. Underline in Line Number 7 


If the line number of the underline is greater than the maxi- 
mum number of lines, the underline will not appear. 
Blanking is accomplished by the VSP (Video Suppression) 
signal. Underline is accomplished by the LTEN (Light 
Enable) signal. 


Dot Format 


Dot width and character width are dependels, spor: 
external timing and control circuitry. ‘ 


Dot level timing circuitry should be designed to accept the Se, 


parallel output of the character generator and shift it out 
serially at the rate required by the CRT display. 


SHIFT 
REGISTER 


SYNCHRONIZER 


Figure 14. Typical Dot Level Block Diagram 


Dot width is a function of dot clock frequency. 


Character width is a function of the character generator 
width. 


Horizontal character spacing is a function of the shift 
register length. 


Note: Video control and timing signals must be synchronized with 
the video signal due to the character generator access delay. 
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Raster Timing 


The character counter is driven by the character clock input 
(CCLK). It counts out the characters being displayed 
(programmable from 1 to 80). It then causes the line 
counter to increment, and it ‘starts counting out the hori- 
zontal retrace interval (programmable from 2 to 32). This 
is constantly repeated. 


CCLK 


HRTC 


PROGRAMMABLE 
2 TO 32 CCLKS 


PROGRAMMABLE 1 TO 80 CCLKS 


NEXT 


Litas PRESENT LINE COUNT LINE COUNT 


Figure 15. Line Timing 


The line counter is driven by the character counter. It is 
used to generate the line address outputs (LC,_,) for the 
character generator. After it counts all of the lines in a 
character row (programmable from 1 to 16), it increments 
the row counter, and starts over again. (See Character For- 
mat Section for detailed description of Line Counter 
functions.) 
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The row counter is an internal counter driven b 
counter. It controls the functions of the row 
counts the number of character rows displayed. 


ONE CHARACTER ROW 


LCo.3 


INTERNAL 


ROW COUNTER NEXT ROW 


PRESENT ROW 


‘ 


PROGRAMMABLE 1 TO 16 
LINE COUNTS 


Figure 16. Row Timing 


After the row counter counts all of the rows in a frame 
(programmable from 1 to 64), it starts counting out the 
vertical retrace interval (programmable from 1 to 4). 


ONE FRAME 
INTERNAL 
ROW COUNTER 
FIRST LAST FIRST LAST 
DISPLAY DISPLAY RETRACE RETRACE 
ROW ROW ROW ROW 
PROGRAMMABLE PROGRAMMABLE 


1 TO 64 ROW COUNTS 1 TO 4 ROW COUNTS 


Figure 17. Frame Timing 


The Video Suppression Output (VSP) is active during 
horizontal and vertical retrace intervals. 


Dot level timing circuitry must synchronize these outputs 
with the video signal to the CRT Display. 


DMA Timing 


The 8275 can be programmed to request burst DMA trans- 
fers of 1 to 8 characters. The interval between bursts is also 
programmable (from 0 to 55 character clock periods +1). 
This allows the user to tailor his DMA overhead to fit his 
system needs. 


The first DMA request of the frame occurs one row time 
before the end of vertical retrace. DMA requests continue 
as programmed, until the row buffer is filled. If the row 
buffer is filled in the middle of a burst, the 8275 terminates 
the burst and resets the burst counter. No more DMA 
requests will occur until the beginning of the next row. 
At that time, DMA requests are activated as programmed 
until the other buffer is filled. 


lf, for any reason, there is a DMA underrun, a flag in the 
status word will be set. 


INTERNAL 
RO FIRST DISPLAY ROW 


+4 LAST RETRACE ROW : 


Ww 
COUNTER 


VRTC 


DRQ 


NEXT 
ROW BUFFER 
FILLED 


PROGRAMMABLE 
1 TO 8 CHARACTERS 
PROGRAMMABLE 
0 TO 55 
CHARACTER CLOCKS 


N 
ROW BUFFER 
FILLED 


Figure 18. DMA Timing 


The DMA controller is typically initialized for the next 
frame at the end of the current frame. 


interrupt Timing 


The 8275 can be programmed to generate an int 
request at the end of each frame. This can be used t 
reinitialize the DMA controller. If the 8275 interrup 
enable flag is set, an interrupt request will occur at the 
beginning of the /ast display row. "6 


INTERNAL 
ROW 
COUNTER 


LAST FIRST 
DISPLAY RETRACE 
ROW ROW 


IRQ 


Figure 19. Beginning of Interrupt Request 


1RQ will go inactive after the status register is read. 


IRQ 


RD 


Figure 20. End of Interrupt Request 


A reset command will also cause IRQ to go inactive, but 
this is not recommended during normal service. 


Another method of reinitializing the DMA controller is to 
have the DMA controller itself interrupt on terminal count. 
With this method, the 8275 interrupt enable flag should not 
be set. 


Note: Upon power-up, the 8275 Interrupt Enable Flag may be set. 
As a result, the user’s cold start routine should write a reset 
command to the 8275 before system interrupts are enabled. 
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VISUAL ATTRIBUTES AND SPECIAL 
CODES 


The characters processed by the 8275 are 8-bit quantities. 
The character code outputs provide the character generator 
with 7 bits of address. The Most Significant Bit is the extra 
bit and it is used to determine if it is a normal display 
character (MSB = 0), or if it is a Visual Attribute or Special 
Code (MSB = 1). 


There are two types of Visual Attribute Codes. They are 
Character Attributes and Field Attributes. 


HORIZ. RIGHT 


8275 


LA, 


LAg 


vsP 
LTEN 
HGLT 


Figure 21. Typical Character Attribute Logic 


a ; we 


Character Attribute Codes 


Character attribute codes are codes that can be Me to. gen- 
erate graphics symbols without the use of a character 
generator. This is accomplished by selectively activating the 
Line Attribute outputs (LAg_;), the Video Suppression 
output (VSP), and the Light Enable output. The dot level | 
timing circuitry can use these signals to generate the proper 
symbols. 


Character attributes can be programmed to blink or be 
highlighted individually. Blinking is accomplished with the 
Video Suppression output (VSP). Blink frequency is equal 
to the screen refresh frequency divided by 32. Highlighting 
is accomplished by activating the Highlight output (HGLT). 


Character Attributes 


| = HIGHLIGHT 
BLINK 


CHARACTER ATTRIBUTE CODE 


REGISTER 


VIDEO 


SYNCHRO- 
NIZATION 
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Character attributes were designed to produce the following graphics: 


CHARACTER ATTRIBUTE OUTPUTS 


Above Underline 
Underline 

elow Underline 
bove Underlihe 
Underline 

elow Underline 
bove Underline 


| LAL 
0 | 
0 
at | 
Loe 
0 
Underline | 1 
0 
i 
ae 
Le 
| oe | 
| 0 | 
Oo] 
0 


0000 Top Left Corner 


Top Right Corner 
Bottom Left Corner 
Bottom Right Corner 


0001 


001 
elow Underline 
bove Underline 

Underline 
elow Underline 
bove Underline 

Underline 
elow Underline 
bove Underline 

Underline 
elow Underline 
bove Underline 

Underline 
elow Underline 
bove Underline 

Underline 
elow Underline 

Above Underline 

Underline 
elow Underline 


Right Intersect 
Not Recommended * 
Special Codes 
Underline Undefined | 
elow Underline fF 
Above Underline | | | 
Underline | | Undefined =| 
elow Underline ; 4 rd 
Above Underline P| i, 
Underline | || Undefined aa 
Below Underline L | a 


“Character Attribute Code 1011 is not recommended for Character Attribute Codes 1101, 1110, and 1111 are illegal. 
normal operation. Since none of the attribute outputs are 
active, the character Generator will not be disabled, and 
an indeterminate character will be generated. Highlight is active when H = 1. 


0101 


0111 


Underline 
elow Underline 
bove Underline 

Underline 
elow Underline 

Above Underline 

Underline 

elow Underline 
Above Underline 

Underline 

elow Underline 
Above Underline 


1001 


101 


oO 


1011 


1101 


1110 


ow wo es) es) es) >lo >|o 
ion 
se) 
< 
iq?) 
Oe 
= 
©. 
iq?) 
=J 
= 
(49) 


Blinking is active when B = 1. 
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Special Codes 


Four special codes are available to help reduce memory, 
software, or DMA overhead. 


Special Control Character 


MSB LSB 
0oossS 


SPECIAL CONTROL CODE 


FUNCTION 


End of Row 
End of Row-Stop DMA 
End of Screen 

End of Screen-Stop DMA 


The End of Row Code (00) activates VSP and holds it to 
the end of the line. 


The End of Row-Stop DMA Code (01) causes the DMA 
Control Logic to stop DMA for the rest of the row when it 
is written into the Row Buffer. It affects the display in the 
same way as the End of Row Code (00). 


The End of Screen Code (10) activates VSP and holds it to 
the end of the frame. 


The End of Screen-Stop DMA Code (11) causes the DMA 
Control Logic to stop DMA for the rest of the frame when 
it is written into the Row Buffer. It affects the display in 
the same way as the End of Screen Code (10). 


If the Stop DMA feature is not used, all characters after an 
End of Row character are ignored, except for the End of 
Screen character, which operates normally. All characters 
after an End of Screen character are ignored. 


Note: If a Stop DMA character is not the last character in a burst or 
row, DMA is not stopped until after the next character is 
read. In this situation, a dummy character must be placed in 
memory after the Stop DMA character. 


Field Attributes 


The field attributes are control codes which affect the 
visual characteristics for a field of characters, starting at the 
character following the code up to, and including, the 
character which precedes the next field attribute code, or 
up to the end of the frame. The field attributes are reset 
during the vertical retrace interval. 


There are six field attributes: 


1. Blink — Characters following the code are caused 
to blink by activating the Video Suppression out- 
put (VSP). The blink frequency is equal to the 
screen refresh frequency divided by 32. 


2. Highlight — Characters following the code are 
caused to be highlighted by activating the High- 
light output (HGLT). 


3. Reverse Video — Characters following the code are 
caused to appear with reverse video by activating 
the Reverse Video output (RVV). 


4. Underline — Characters following the code are 
caused to be underlined by activating the Light 
Enable output (LTEN). 


5,6. General Purpose — There are two additional 8275 
outputs which act as general purpose, independ- 
ently programmable field attributes. GPA, | are 
active high outputs. 


Field Attribute Code 


MSB LSB 
10URGGBH 


| HIGHLIGHT 
BLINK 
GENERAL PURPOSE 


REVERSE VIDEO 


UNDERLINE 
H = 1 FOR HIGHLIGHTING 
B=1 FOR BLINKING 
R = 1 FOR REVERSE VIDEO 
U = 1 FOR UNDERLINE 
GG = GPA, GPAg 
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The 8275 can be programmed to provide visible or invisible 
field attribute characters. 


If the 8275 is programmed in the visible field attribute 
mode, all field attributes will occupy a position on the 
screen. They will appear as blanks caused by activation of 
the Video Suppression output (VSP). The chosen visual 
attributes are activated after this blanked character. 


123 4 5 6789 


Figure 22. Example of the Visible Field Attribute Mode 
(Underline Attribute) 


If the 8275 is programmed in the invisible field attribute 
mode, the 8275 FIFO is activated. 


(2) 16 X 7 


Figure 23. Block Diagram Showing FIFO Activation 


Each row buffer has a corresponding 
are 16 characters “i 7 bits in size. 


DMA, the buffer input controller recognizes it i ng | 
the next character in the proper FIFO. : 


When a field attribute is placed in the Buffer Output Con- 
troller during display, it causes the controller to immedi- 
ately put a character from the FIFO on the Character Code 
outputs (CCo_g). The chosen Visual Attributes are also 
activated. 


Since the FIFO is 16 characters long, no more than 16 field 
attribute characters may be used per line in this mode. 
If more are used, a bit in the status word is set and the first 
characters in the FIFO are written over and lost. 


Note: Since the FIFO is 7 bits wide, the MSB of any characters put 
in it are stripped off. Therefore, a Visual Attribute or Special 
Code must not immediately follow a field attribute code. If 
this situation does occur, the Visual Attribute or Special 
Code will be treated as a normal display character. 


3456789 


Figure 24. Example of the Invisible Field Attribute 
Mode (Underline Attribute) 


wm 
abeoll 
= 
mathe 
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Field and Character Attribute Interaction 


Character Attribute Symbols are affected by the Reverse 
Video (RRV) and General Purpose (GPAgp_;) field attri- 
butes. They are not affected by Underline, Blink or High- 
light field attributes; however, these characteristics can be 
programmed /ndividually for Character Attribute Symbols. 
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Cursor Timing 


The cursor location is determined by a cursor row register 
and a character position register which are loaded by com- 
mand to the controller. The cursor can be programmed to 
appear on the display as: 


1. a blinking underline 

2. a blinking reverse video block 

3. anon-blinking underline 

4. anon-blinking reverse video block 


The cursor blinking frequency is equal to the screen refresh 
frequency divided by 16. 


If a non-blinking reverse video cursor appears in a non- 
blinking reverse video fie/d, the cursor will appear as a 
normal video block. 


If a non-blinking underline cursor appears in a non-blinking 
underline fie/d, the cursor will not be visible. 


Light Pen Detection 


A light pen consists of a micro switch and a tiny light 
sensor. When the light pen is pressed against the CRT screen, 
the micro switch enables the light sensor. When the raster 
sweep reaches the light sensor, it triggers the light pen 
output. 


If the output of the light pen is presented to the 8275 
LPEN input, the row and character position coordinates are 
stored in a pair of registers. These registers can be read on 
command. A bit in the status word is set, indicating that 
the light pen signal was detected. The LPEN input must be 
a0 to 1 transition for proper operation. 


Note: Due to internal and external delays, the character position 
coordinate will be off by at least three character positions. 
This has to be corrected in software. 
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Device Programming 


Register (CREG) and the Parameter Register. (PRE : 
also has a Status Register (SREG). The Command Regis: 
can only be written into and the Status Registers ca 
be read from. They are addressed as follows: 


The 8275 expects to receive a command and a sequence 
of 0 to 4 parameters, depending on the command. If the 
proper number of parameter bytes are not received before 
another command is given, a status flag is set, indicating an 
improper command. 


Instruction Set 
The 8275 instruction set consists of 8 commands. 


COMMAND NO. OF PARAMETER BYTES 


Reset 4 
Start Display 
Stop Display 
Read Light Pen 
Load Cursor 
Enable Interrupt 
Disable Interrupt 
Preset Counters 
In addition, the status of the 8275 (SREG) can be read by 
the CPU at any time. 


OPO OONN OO 


8275 


1. Reset Command: Parameter — UUUU Underline Placement r 


DATA BUS LINE NUMBER OF = 

OPERATION | Ag} DESCRIPTION| MSB LSB U UU iU UNDERLINE ae 
Write Screen Comp SHHHHHHH 0 OO 1 
Byte 1 001 fe) 


Witte ScreenComp | vy vy RRRRRR 
Byte 2 

Write ScreenComp | yyUUULLLEL 
Byte 3 
Byte 4 


Action — After the reset command is written, DMA re- 


quests stop, 8275 interrupts are disabled, and the VSP Parameter — LLLL Number of Lines per Character Row 
output is used to blank the screen. HRTC and VRTC con- 


Parameters 


; a Ee & iLL NO. OF LINES/ROW 
tinue to run. HRTC and VRTC timing are random on 
power-up. 0 0 
: os . 0 0 
As parameters are written, the screen composition is ‘ % 
defined. 
Parameter —S Spaced Rows 


FUNCTIONS 


Normal Rows 
Spaced Rows 


Parameter — M_ Line Counter Mode 


M LINE COUNTER MODE 
Parameter — HHHHHHH Horizontal Characters/Row 0 | Mode 0 (Non-Offset) 
NO. OF CHARACTERS 1 Mode 1 (Offset by 1 Count) 


PER ROW 


Parameter — F_ Field Attribute Mode 


| F FIELD ATTRIBUTE MODE 
. | 0 Transparent 
: | . 1 Non-Transparent 
1001111 | 80 
1010 0 0 0 Undefined 
| 
| Parameter — CC Cursor Format 
‘ ‘ c ¢ CURSOR FORMAT 
+ 2 F -} 7 7 4 Undefined 
0 0 Blinking reverse video block 
O 1 Blinking underline 
: 1 linki i lock 
Parameter — VV Vertical Retrace Row Count i ae “- i ee eel 
: Nonblinking underling 


V NO. OF ROW COUNTS PER VRTC 


Parameter — ZZZZ _ Horizontal Retrace Count 
NO. OF CHARACTER 


Ze COUNTS PER HRTC ss 
0 0 ice 
Parameter —- RRRRRR_ Vertical Rows/Frame 00 ar 
RRRRRR NO. OF ROWS/FRAME 0 0 ce 
oO 
000000 | 
000001 | 
00001 0 ' | ; 
| 1111 32 
| 
; | . 
1449 4 4 64 Note: uuuu MSB determines blanking of top and bottom lines 


(1 = blanked, 0 = not blanked). 
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2. Start Display Command: 


DATA BUS 


OPERATION | Ag| DESCRIPTION | MSB 


Fd RE 


No parameters 


Command 


SSS BURST SPACE CODE 


NO. OF CHARACTER CLOCKS 
BETWEEN DMA REQUESTS 


Pp ep ee KH OOOO TM 
m- - OOo f- -$ oO O;}MN 
- o- 0o0rf0 01% 


BB BURST COUNT CODE 


NO. OF DMA CYCLES PER 
BURST 


Action — 8275 interrupts are enabled, DMA requests begin, 
video is enabled, Interrupt Enable and Video Enable status 
flags are set. 


3. Stop Display Command: 


DATA BUS 


OPERATION |Ag | DESCRIPTION | MSB LSB 


| write [1 |stop display [0 1 0 0 0 0 0 0 


Command 


Action — Disables video, interrupts remain enabled, HRTC 
and VRTC continue to run, Video Enable status flag is 
reset, and the ‘’Start Display’” command must be given to 
re-enable the display. 


4. Read Light Pen Command 


DATA BUS 


OPERATION |Ag| DESCRIPTION] MSB 


B= Mh — ne 
Read Hiei Number (Row Number) 
Action — The 8275 is conditioned to supply the contents 


of the light pen position registers in the next two read 
cycles of the parameter register. Status flags are not af- 


Command 


Parameters 


fected. 


Note: Software correction of light pen position is required. 


5. Load Cursor Position: 


ee a cH, 
p ; Lee ta Char. Number (Char. Position in Rov ) 
aac Write Row Number (Row Number) : 
Action — The 8275 is conditioned to place the next two 


parameter bytes into the cursor position registers. Status 
flags not affected. 


6. Enable Interrupt Command: 


DATA BUS 


OPERATION |Ag| DESCRIPTION |MSB 


[__weite [1 [enable interunt |1 0 1 0 0 0 0 0 


Command 


No parameters 


Action — The interrupt enable status flag is set and inter- 
rupts are enabled. 


7. Disable Interrupt Command: 


DATA BUS 


OPERATION! Ag| DESCRIPTION | MSB LSB 


| write | 1 | Disable interrupt] 1_1 0 0 0 0 0 0 


No parameters 


Command 


Action — Interrupts are disabled and the interrupt enable 
status flag is reset. 


8. Preset Counters Command: 


DATA BUS 


OPERATION| Ag| DESCRIPTION | MSB LSB 
| write | 1 | Preset counters] 11 1 0 0 0 0 0 


No parameters 


Command 


Action — The internal timing counters are preset, corre- 
sponding to a screen display position at the top left corner. 
Two character clocks are required for this operation. The 
counters will remain in this state until any other command 
is given. 


This command is useful for system debug and synchroniza- 
tion of clustered CRT displays on a single CPU. 
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Status Flags 


DATA BUS 
OPERATION | Ag} DESCRIPTION] MSB LSB 
Command OIE IR LP IC VE OU FO 
1E — (Interrupt Enable) Set or reset by command. It 


enables vertical retrace interrupt. It is auto- 
matically set by a “Start Display’’ command 
and reset with the ‘’Reset’’ command. 


IR — (Interrupt Request) This flag is set at the begin- 
ning of display of the last row of the frame if 
the interrupt enable flag is set. It is reset after 
a status read operation. 


LP — This flag is set when the light pen input (LPEN) 
is activated and the light pen registers have been 
loaded. This flag is automatically reset after a 
Status read. 


ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature Under Bias......... O°C to 70°C 
Storage Temperature.............. -~65°C to +150°C 
Voltage On Any Pin 

With Respect to Ground............ -0.5V to +7V 
Power Dissipation. .............00005 eee 1 Watt 


D.C. CHARACTERISTICS 
Ta = O°C to 70°C; Vec = 5V +5% 


SYMBOL PARAMETER 


Vib Input Low Voltage 


ViH Input High Voltage 2.0 


VOH 
hie Input Load Current 
lOFL 
lec 
CAPACITANCE 


Ta = 25°C: Veco = GND = OV 


PARAMETER 


SYMBOL 


Cio 


1/O Capacitance 


Cin Input Capacitance P| 


IC — (Improper Command) This flag is set when a 
command parameter string is too long or too 
short. The flag is automatically reset after a 
status read. 


VE — (Video Enable) This flag indicates that video 
operation of the CRT is enabled. This flag is 
set on a “Start Display’’ command, and reset 
ona “Stop Display” or ‘‘Reset*’ command. 


DU — (DMA Underrun) This flag is set whenever a 
data underrun occurs during DMA transfers. 
Upon detection of DU, the DMA operation is 
stopped and the screen is blanked until after 
the vertical retrace interval. This flag is reset 
after a status read. 

FO — (FIFO Overrun) This flag is set whenever the 
FIFO is overrun. It is reset on a status read. 


*COMMENT: Stresses above those listed under ‘‘Absolute Maxi- 
mum Ratings’’ may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 


any other conditions above those indicated in the operational sec- 


tions of this specification is not implied. 


TEST CONDITIONS 
pos | ov | 
| 0.45 Vv lo. = 2.2mA 


Output High Voltage 2.4 V lon = -400 vA 
O 


MAX. TEST CONDITIONS 


Unmeasured pins returned to Vss. 


wn 
cost 
“A 
a 

ae 
= oO. 
cc 
ve) 
a 


A.C. CHARACTERISTICS 
Ta =0°C to 70°C; Veco = 5.0V +5%; GND = OV 


Bus Parameters (Note 1) 


Read Cycle: 
SYMBOL | __-PARAMETER —s«|_—sMIN.-| MAX. 
tr 7 

| Data Delay from READ 

| READ to Data Floating 


LT. | 
| ns 
tRD Data Delay from READ | | 200 || ns | CL = 150 pF 
tor READ to Data Floating | 20 | 100 | ns | 


Write Cycle: 
SYMBOL PARAMETER | MIN, | MAX. | UNITS TEST CONDITIONS 
taw Address Stable BeforeWRITE | Oo | | ns 
twa Address Hold Time forWRITE | OO | | ns | 
tw | WRITE Pulse With 380s 
tow | Data Setup Time for WRITE _| 150 | «iY rs 
two | Data Hold Time forWRiTE | 0 || = 


Clock Timing: 


SYMBOL PARAMETER | MIN. | MAX. UNITS TEST CONDITIONS 


re | lok Piet 320 |. 191s 
ik | Clock High OO 
ik Clock Low Se 
ica | Glock Rise 
tke | Clock Fall 
Note 1: AC timings measured at Voy = 2.0, Vo, = 0.8 
Write Timing Read Timing 


Ao, CS INVALID X| VALID INVALID 


DBg_7 INVALID INVALID 


Ys L, 


PEDANCE” 


Clock Timing Input Waveforms (For A.C. Tests) 


wm 
tical 
= 
pode 
Se a 
=o 
Cc 
ud 
a 


CCLK 


2.4 : 
2.0 2.0 
TEST POINTS 
0.45 a ee 
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Other Timing: i 
SYMBOL | =~ PARAMETER =——s«d|_:séOMIN. «| =MAX. TEST CONDITIONS”. 
tcc___| Character Code Output Delay | | 180_|_ins_| C= 50 pF “ingen SF Jo 
tc | Line Count Output Delay ‘| —~«| 280 ns —~( CL = 50 pF 

tat | Controi/Attribute Output Delay | | 250 | ns | C, = 50 oF 

iva | Vertical Retrace Output Delay | | 250 | ns | C. = 50 pF 

tin [ROT from CCL Sd 280 | ns C= SF 

tar IRV from Rat ———S~*dCSCSCSCS~*idCi Ons LB 

ka | DRT rom COLT. ——SSCS~*~dCSCSC~‘“‘dtCS*i Ons «CL = BO 

twa | OROTromwat ———~+d|S*dt CSB | ns | C= 

taa.-| DROIT romWRTSSS*SSSCS*dSCiRB ns ~+ CL = BO 

tpr LPEN Rise a: 

tPH SLPENHold | 00 | Es 


Note: Timing measurements are made at the following reference voltages: Output ‘’1"° = 2.0V, “0” =0.8V. 


WAVEFORMS 


coun | | | | | 


CCo_¢ FIRST CHARACTER CODE SECOND CHARACTER CODE 


ROM ACCESS 


CHARACTER 
GENERATOR FIRST CHARACTER SECOND CHARACTER 
OUTPUT 


ATTRIBUTES 


SHIFT REGISTER SETUP 


ri 
VIDEO = 
(FROM SHIFT 2 
REGISTER) sa 
Cc 
Ww 
ee eee SE NE ASR A ERE arm eR RR a 
ATTRIBUTES FIRST CHARACTER SECOND CHARACTER 
& CONTROLS ATTRIBUTES & CONTROLS 
(FROM ATTRIBUTES & CONTROLS FOR FIRST CHAR. See A cee 


SYNCHRONIZER) 


*CCLK IS A MULTIPLE OF THE DOT CLOCK AND AN INPUT TO THE 8275. 


Figure 25. Typical Dot Level Timing 
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FIRST 
DISPLAY 
CHARACTER 


SECOND 
DISPLAY 
CHARACTER 


CCo_¢ 


j——— tHR 


HRTC 


(a 


LCo_3 PRESENT LINE COUNT 


1 cincinnati 


————- PROGRAMMABLE FROM 1 TO 80 CHARACTERS ———_>> 


FIRST 
DISPLAY RETRACE 
CHARACTER CHARACTER 

— = rT ‘HR 
— PROGRAMMABLE FROM 2 TO 32 CCLKS —» 


LAST 
RETRACE 
CHARACTER 


LAST 


2 en 


m—tic 


NEXT LINE COUNT 


tay 
VIDEO 
CONTROLS 
AND ATTRIBUTES * 
*LAg_1, VSP, LTEN, HGLT, RVV, GPAg_1 


Figure 26. Line Timing 


CCLK 


HRTC 


LCg_3 


INTERNAL 
ROW 
COUNTER 


LAST ROW 


Figure 27. Row Timing 


CCLK 

w 
— 
: | 

> 

sz INTERNAL TRS OND 
a ROW DISPLAY YX DISPLAY 
Ws COUNTER ROW ROW 


VRTC 


Figure 28. Frame Timing 


PROGRAMMABLE FROM 1 TO 64 ROWS 


—tHR 


LAST LINE 
COUNT 


PROGRAMMABLE FROM 1 TC 16 LINES 


PRESENT ROW NEXT ROW 


LAST 
DISPLAY 
ROW 


FIRST 
RETRACE 
ROW 


tvR 
PROGRAMMABLE FROM 
1TO 4 ROWS 
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CCLK 


CCo_¢ LAST RETRACE FIRST RETRACE 
CHARACTER CHARACTER 


LCo_3 FIRST LINE COUNT aD 
—_ tr 
HRTC 
IRQ 
ee 
INTERNAL 
ROW LAST DISPLAY ROW 
COUNTER 
IRQ — 4 “IR 
Figure 29. Interrupt Timing 
CCLK 
tKO 
DRQ 
twa tRO 
DACK 
tLR 
wR 
LPEN 
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Figure 30. DMA Timing 
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PROGRAMMABLE KEYBOARD INTERFACE 


a» Simultaneous Keyboard and Display a N-Key Rollover with Programmable 
Operations Error Mode on Multiple New Closures 

a Interface Signals for Contract and = 16- or 18-Character 7-Segment Display 
Capacitive Coupled Keyboards Interface 


a tebe ening Pale = Right or Left Entry Display RAM 
a 10.7 msec Matrix Scan Time for 128 
Keys and 6 MHz Clock a Depress/Release Mode Programmable 


a 8-Character Keyboard FIFO a Interrupt Output on Key Entry 


The Intel® 8278 is a general purpose programmable keyboard and display interface device designed for use with 8-bit 
microprocessors such the MDS-80'™ and MCS-85"™. The keyboard portion can provide a scanned interface to 
128-key contact or capacitive-coupled keyboards. The keys are fully debounced with N-key rollover and 
programmable error generation on multiple new key closures. Keyboard entries are stored in an 
8-character FIFO with overrun status indication when more than 8 characters are entered. Key entries set 
an interrupt request output to the master CPU. 


The display portion of the 8278 provides a scanned display interface for LED, incandescent, and other 
popular display technologies. Both numeric displays and simple indicators may be used. The 8278 has a 
16X4 display RAM which can be loaded or interrogated by the CPU. Both right entry calculator and left en- 
try typewriter display formats are possible. Both read and write of the display RAM can be done with auto- 
increment of the display RAM address. 


PIN CONFIGURATION PIN NAMES BLOCK DIAGRAM 
KEY FIFO 
COUNTER 


KEY 
DETECT 


DATA BUS 

READ, WRITE STROBES 
CHIP SELECT 
CONTROL/DATA SELECT 
RESET INPUT 

FREQ. REFERENCE INPUT 
HIGH FREQUENCY OUTPUT 
CLOCK 

KEYBOARD RETURN LINE 
CLEAR ERROR 

KEY CLOCK 

MATRIX SCAN LINES 
DISPLAY OUTPUTS INTERRUPT 
ERROR SIGNAL REQUEST 


SCAN 
OUTPUTS 


Mg 
Mo 


RETURN 
LINE 


HYSTERESIS 


INTERRUPT REQUEST 
HYSTERESIS 
TONE ENABLE 


& 
DEBOUNCE 
LOGIC 


KEY CLOCK 
SYNC 
(400 KHz) 


TONE ENABLE 
ERROR OUTPUT 
CLEAR INPUT 


16-DIGIT 
DISPLAY 
BUFFER 


TIMING | OUT TO 
DISPLAY 


DIGITS 


© Intel Corporation, 1978 
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PIN DESCRIPTION 


The 8278 is packaged in a 40-pin DIP. The following is a 
brief functional description of each pin. 


Pin No. 


12-19 Three-state, bi-directional data bus 
lines used to transfer data and com- 
mands between the CPU and the 
8278. 


Write strobe which enables the mas- 
ter CPU to write data and com- 
mands between the CPU and the 
8278. 


Read strobe which enables the mas- 
ter CPU to read data and status from 
the 8278 internal registers. 


Signal Description 


Do-D7 


Chip select input used to enable 
reading and writing to the 8278. 


Address input used by the CPU to 
indicate control or data. 


A low signal on this pin resets the 
8278. 


Inputs for crystal, L-C or external 
timing signal to determine internal 
oscillator frequency. 


IRQ 23 Interrupt Request Output to the 
master CPU. In the keyboard mode 
the IRQ line goes low with each 
FIFO read and returns high if there 
is still information in the FIFO or an 


ERROR has occurred. 


Matrix scan outputs. These out- 
puts control a decoder which scans 
the key matrix columns and the 16 
display digits. Also, the Matrix scan 
outputs are used to multiplex the 
return lines from the key matrix. 


Mo-Me 27-33 


RL 1 Input from the multiplexer which in- 
dicates whether the key currently 


being scanned is closed. 


HYS 22 Hysteresis output to the analog de- 
tector. (Capacitive keyboard config- 
uration). A “0” means the key cur- 
rently being scanned has already 


been recorded. 


KCL 34 Key clock output to the analog de- 
tector (capacitive keyboard config- 
uration) used to reset the detector 


before scanning a key. 


SYNC 11 High frequency (400 KHz) output 
signal used in the key scan to detect 
a closed key (capacitive keyboard 


configuration). 


Bo-B3 35-38 These four lines contain binary 
coded decimal display information 
synchronized to the keyboard col- 
umn scan. The outputs are for 


multiplexed digital displays. 


Signal Pin No. 
ERROR 24 


Description 


Error signal. This line is high when- 
ever two new key closures are de- 
tected during a single scan or when 
too many characters are entered 
into the keyboard FIFO. Itis reset by 
a system RESET pulse or by a “1” 
input on the CLR pin or by the 
CLEAR ERROR command. 


Input used to clear an ERROR con- 
dition in the 8278. 


Tone enable output. This line is high 
for 10ms following a valid key 
closure; it is set high and remains 
high during an ERROR condition. 


+5 volt power input: +5V + 10%. 
Signal ground. 


CLR 39 


BP 21 


Vcc, Vpp 40,26 
GND 20,7 


PRINCIPLES OF OPERATION 


The following is a description of the major elements of the 
Programmable Keyboard/Display interface device. Refer 
to the block diagram in Figure 1. 


1/O Control and Data Buffers 


The I/O control section uses the CS, Ao, RD, and WRlines 
to control data flow to and from the various internal 
registers and buffers (see Table 1). All data flow to and 
from the 8278 is enabled by CS. The 8-bits of information 
being transferred by the CPU is identified by Ao. A logic 
one means information is command or status. A logic zero 
means the information is data. RD and WR determine the 
direction of data flow through the Data Bus Buffer (DBB). 
The DBB register is a bi-directional 8-bit buffer register 
which connects the internal 8278 bus buffer register to the 
external bus. When the chip is not selected (CS = 1) the 
DBB is in the high impedance state. The DBB acts as an 
input when (RD, WR, CS) = (1, 0, 0) and an output when 
(RD, WR, CS) = (0, 1, 0). 


Ao WR_- RD Condition 


Read DBB Data 

Read STATUS 

Write Data to DBB 
Write Command to DBB 


Disable 8278 Bus is 
High Impedance 


<x - - oO Oo 


x = Oo + Oo 
x Oo Oo — — 


Scan Counter 


The scan counter provides the timing to scan the 
keyboard and display. The four MSB’s (M3-Me) scan the 
display digits and provide column scan to the keyboard via 
a 4 to 16 decoder. The three LSB’s (Mo-M2) are used to 
multiplex the row return lines into the 8278. 
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8278 


TO 

8080, 8085 OR 8048 
MASTER 
PROCESSOR 


DETECTOR 


8 OR 16 DIGIT DISPLAY 


TO TONE GENERATOR 


ANALOG 


CAPACITIVE 
KEYBOARD 
MATRIX 


16 DIGIT SCAN 


Figure 1. System Configuration for Capacitive-Coupled 


Keyboard Debounce and Control 


The 8278 system configuration is shown in Figure 2. The 
rows of the matrix are scanned and the outputs are 
multiplexed by the 8278. When a key closure is detected, 
the debounce logic waits about 12 msec to check if the key 
remains closed. If it does,the address of the key in the 
matrix is transferred into a FIFO buffer. 


FIFO and FIFO Status 


The 8278 contains an 8X8 FIFO character buffer. Each 
new entry is written into a successive FIFO location and 
each is then read out in the order of entry. A FIFO status 
register keeps track of the number of characters in the 


TO 

8080, 8085 OR 8048 
MASTER 
PROCESSOR 


Figure 2. System Configuration for Contact Keyboard 


8 OR 16 DIGIT DISPLAY 


Keyboard 


FIFO and whether it is full or empty. Too many reads or 
key entries will be recognized as an error. The status can 
be read by a RD with CS low and Ao high. The status logic 
also provides a IRQ signal to the master processor 
whenever the FIFO is not empty. 


Display Address Registers and Display RAM 


The Display Address registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
display RAM can be directly read by the CPU after the 
correct mode and address is set. Data entry to the display 
can be set to either left or right entry. 


TO TONE GENERATOR 


DIGITAL 
MULTIPLEXER 


CONTACT 


KEYBOARD 
MATRIX 


TO 16 
ECODE 


On 


16 DIGIT SCAN 
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8278 COMMANDS 


The 8278 operating mode is programmed by the master 
CPU using the Ao, WR, and Do-D7 inputs as shown below: 


Ay, CS INVALID VALID 
WR \ / 
Do—D7 INVALID <7. INVALID 


The master CPU presents the proper command on the Do- 
D7 data lines with Ao=1 and then sends a WR pulse. The 
command is latched by the 8278 on the rising edge of the 
WR and is decoded internally to set the proper operating 
mode. 


COMMAND SUMMARY 
Keyboard/Display Mode Set 


pee aa fe] Nye | a el 


where the mode set bits are defined as follows: 


INVALID 


K — the keyboard mode select bit 

0 — normal key entry mode 

1 — special function mode: Entry on key closure and on 
key release 


D — the display entry mode select bit 
0 — left display entry 
1 — right display entry 


|— the interrupt request (IRQ) output enable bit. 
0 — enable IRQ output 
1— disable IRQ output 


E — the error mode select bit 
0 — error on multiple key depression 
1— noerror on multiple key depression 


N — the number of display digits select 
0 — 16 display digits 
1— 8 display digits 


NOTE: The default mode following a RESET input 
is all bits zero: 


Read FIFO Command 
cove fo} 1 folojolo| ojo 


Read Display Command 


cope fo] | s| at] as|aa|ar [ao 
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Where Al indicates Auto Increment and As3-Ao is the 
address of the next display character to be read out. 


Al=1 AUTO increment 
Al=0 no AUTO increment 


Write Display Command 


oe GD s[a[s [= 


Where Al indicates Auto Increment and A3-Ao is the 
address of the next display character to be written. 


Clear/Blank Command 


Se RESESICICAGS 


Where the command bits are defined as follows: 


CE = Clear ERROR 

CF = Clear FIFO 

CD = Clear Display to all High 
BD = Blank Display to all High 
UD = Unblank Display 


The display is cleared and blanked following a Reset. 


8278 Status Read 


The status register in the 8278 can be read by the master 
CPU using the Ao, RD, and Do-D7 inputs as shown below: 


The 8278 places 8-bits of status information on the Do-D7 
lines following (Ao, CS, RD) = 1, 0 , 0 inputs from the 
master. 


Status Format 


eT a]a 1s] » [x oor 


D7 Dg D5 Dg D3 Do D, Do 


Where the status bits are defined as follows: 


IBF = Input Buffer Full Flag 

OBF = Output Buffer Full Flag 

KE = Keyboard Error Flag (multiple depression) 
B = BUSY Flag 

S3-So = FIFO Status 
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Status Description 


The S3-So status bits indicate the number of entries (0 to 8) 
in the 8-level FIFO. A FIFO overrun will lock status at 1111. 
The overrun condition will prevent further key entries until 
cleared. 


A multiple key closure error will set the KE flag and 
prevent further key entries until cleared. 


The IBF and OBF flags signify the status of the 8278 data 
buffer registers used to transfer information (data, status 
or commands) to and from the master CPU. 


The IBF flag is set when the master CPU writes Data or 
Commands to the 8278. The IBF flag is cleared by the 8278 
during its response to the Data or Command. 


The OBF flag is set when the 8278 has output data ready 
for the master CPU. This flag is cleared by a master CPU 
Data READ. 


The Busy flag in the status register is used as a LOCK- 
OUT signal to the master processor during response to 
any command or data write from the master. 


The master must test the Busy flag before each read 
(during a sequence) to be sure that the 8278 is ready with 
valid DATA. 


The ERROR and TONE outputs from the 8278 are set high 
for either type of error. Both types of error are cleared by 
the CLR input, by the CLEAR ERROR command, or by a 
reset. The FIFO and Display buffers are cleared 
independently of the Errors. 


FIFO status is used to indicate the number of characters in 
the FIFO and to indicate whether an error has occurred. 
Overrun occurs when the entry of another character intoa 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. The character read will be the 
last one entered. FIFO status will remain at 0000 and the 
error condition will not be set. 


8278 Data Read 


The master CPU can read DATA from the 8278 FIFO or 
Display buffers by using the Ao, RD, and Do-D7 inputs as 
follows: 


The master sends a RD pulse with Ao=0 and CS=0 and the 
8278 responds by outputing data on lines Do-D7. The data 
is strobed by the trailing edge of RD. 


Data Read Sequence 


Before reading data, the master CPU must send a 
command to select FIFO or Display data. Following the 
command, the master must read STATUS and test the 
BUSY flag and the OBF flag to verify that the 8278 has 
responded to the previous command. A typical DATA 
READ sequence is as follows: 


BUSY | | | | 


| | | | 


READ DISPLAY FIRST MASTER NEXT 
OR FIFO COMMAND DATA BYTE READS DATA BYTE READY 
FROM MASTER READY 


8278 
PROCESSING 
NEXT BYTE 


After the first read following a Read Display or Read FIFO 
command, successive reads may occur as soon as OBF 
rises. 


8278 Data Write 


The master CPU can write DATA to the 8278 Display 
buffers by using the Ao, WR and Do-D7 inputs as follows: 


The master CPU presents the Data on the Do-D7 lines with 
Ao=0 and then sends a WR pulse. The data is latched by 
the 8278 on the rising edge of WR. 


INVALID 


Data Write Sequence 


Before writing data to the 8278, the master CPU must first 
send a command to select the desired display entry mode 
and to specify the address of the next data byte. Following 
the commands, the master must read STATUS and test the 
BUSY flag (B) and IBF flag to verify that the 8278 has 
responded. A typical sequence is shown below: 


BUSY | | | | | | 


| | if | 


WRITE DISPLAY 8278 MASTER 8278 8278 
COMMAND READY DATAWRITE READY READY 
FOR FIRST BYTE 
COMMAND MASTER WRITES 
OR DATA NEXT BYTE 
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INTERFACE CONSIDERATIONS 
Scanned Keyboard Mode 


With N-key rollover each key depression is treated 
independently from all others. When a key is depressed 
the debounce logic waits for a full scan of 128 keys and 
then checks to see if the key is still down. If it is, the key is 
entered into the FIFO. 


at ane | | | 


Figure 3. Keyboard Timing 


If two key closures occur during the same scan the 
ERROR output is set, the KE flag is set in the Status word, 
the TONE output is activated and IRQ is set, and no further 
inputs are accepted. This condition is cleared by a high 
signal on the CLEAR input or by asystem RESET input or 
by the CLEAR ERROR command. 


SCAN CYCLE | | | 


| | 


KEY 1 KEY 1 
DEPRESSED ENTERED 


Figure 4. Key Entry and Error Timing 


In the special function mode both the key closure and the 
key release cause an entry to the FIFO. The release is 
entered with the MSB=1. 


Any key entry triggers the TONE output for 10ms. 


The HYS and KCL outputs enable the analog multiplexer 
and detector to be synchronized for interface to capacitive 
coupled keyboards. 


| | | 


KEY 1 KEY 2 KEY 3 
READ BY MASTER DEPRESSED DEPRESSED 
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Data Format 


In the scanned keyboard mode, the code entered into the 
FIFO corresponds to the position or address of the switch 
in the keyboard. The MSB is relevant only for special 
function keys in which code “0” signifies closure and “1” 
signifies release. The next four bits are the column count 
which indicates which column the key was found in. The 
last three bits are from the row counter. 


KEY CODING 
7 6 5 4 3 2 #21 +20 
SF] me ms | me | me | me | | me 
1 FOR SPECIAL FUNCTION 


MODE AND KEY RELEASED 
0 FOR KEY DEPRESSED 


BIT 


Display 


Display data is entered into a 16x4 display register and 
may be entered from the left, from the right or into specific 
locations in the display register. A new data character is 
put out on Bo-B3 each time the Me-M3 lines change (i.e., 
once every 0.75ms with a 6 MHz crystal). Data is blanked 
during the time the column select lines change by raising 
the display outputs. Output data is positive true. 


Left Entry 


The left entry mode is the simplest display format in that 
each display position in the display corresponds to a byte 
(or nibble) in the Display RAM. Address Oin the RAM is the 
left-most display character and address 15 is the right- 
most display character. Entering characters from position 
zero causes the display to fill from the left. The 17th 
character is entered back in the left-most position and 
filling again proceeds from there. 


DISPLAY 
CHARACTER 


Figure 5. Display Timing 


Right Entry 


Right entry is the method used by most electronic 
calculators. The first entry is placed in the right-most 
display character. The next entry is also placed in the 
right-most character after the display is shifted left one 
character. The left-most character is shifted off the end 
and is lost. 


DISPLAY 
15 O~<~—RAM 


ADDRESS 
1ST ENTRY 


2ND ENTRY 


3RD ENTRY 


16TH ENTRY 


mene [2 [>] ype] 
2 3 0 1 
wenn [a Te] J [ow 


Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
0 with sequential entry is recommended. A Clear Display 
command should be given before display data is entered if 
the number of data characters is not equal to 16 (or 8) in 
this mode. 
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Auto Increment 


In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Left Entry — Auto Increment mode has no 
undesirable side effects and the result is predictable: 


DISPLAY 
7<— RAM 


ADDRESS 
1ST ENTRY 
0 1 2 3 4 5 6 7 
woot] 11111 
1 2 3 4 


0 5 6 7 
COMMAND 2 
10010101 

ENTER NEXT AT LOCATION 5 AUTO INCREMENT 

0 1 2 3 4 5 6 7 
wooonr{s]2] | 1 1] 
0 1 2 3 4 5 6 7 
1 2 3 


amen 1 [2] | | [als] | 


In the Right Entry mode, Auto Incrementing and non 
Incrementing have the same effect as in the Left Entry 
except that the address sequence is interrupted: 


DISPLAY 
1 2 a 4 5 6 7 O0~—RAM 


li PD 


2 3 4 5 6 7 Qo 1 
wom TIT 

2 3 4 5 6 7 0 1 
COMMAND 
10010101 

ENTER NEXT AT LOCATION 5 AUTO INCREMENT 
3 4 5 6 7 0 1 2 
3 


ein) Te ee 


5 6 7 0 1 2 3 


4 
oom DTT Tl 


Starting at an arbitrary location operates as shown below: 


DISPLAY 
0 1 2 3 4 5 6 7<— RAM 
COMMAND ADDRESS 
10010101 


ENTER NEXT AT LOCATION 5 AUTO INCREMENT 
1 Z 3 4 5 6 7 0 
1ST ENTRY 1 


rd CASE CRE ESES 
rd CREATES ED 


Entry appears to be from the initial entry point. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature UnderBias ........ 0°C to 70°C 
Storage Temperature ............... -65°C to +150°C 
Voltage on Any Pin With 

Respectto Ground ......... cece eee eee 0.5Vto+7V 
Power DISSIDStION iacavcsnvewevcnnvavnenvens 1.5 Watt 


D.C. CHARACTERISTICS 


operation of the device at these or any ci 
above those indicated in the operational sections 0 this 
specification is not implied. Exposure to absol 'e 
maximum rating conditions for extended periods may . 
affect device reliability. 


Commercial: Ta = 0°C to 70°C; Vcc = +5V +5%; Vss = OV 
Symbol Parameter | omin. | Max. | Units Condition 
VIL Input Low Voltage (All Inputs -0.5 V 
Except X1, X2 
VIH1 Input High Voltage (All Inputs 2.0 Voc V 
Except X1, X2, RESET 
VIH2 RESET High Voltage | 30 | Voc | Vv. 
Vout Output Low Voltage (Do-D7) Pa lo. = 2.0mA 
VOL2 Output Low Voltage (All 0.45 lol = 1.6mA 
Other ios oe 
Von | Output High Voltage (Do-D7) 7 2 loH = -400uA 
VOH2 Output High Voltage (All 2.4 IOH = -50uA 
Other Outputs) 
Vin = Voc 


HL Input Leakage Current (All 
Inputs Except RESET) 
Output Leakage Current (Do-D7) ons aed 


Ta Low Input Source Current (RESET) P| 2 | mA 


lOL 


IDD 


8278 FREQUENCY DIFFERENCE 


20pF 


20pF 


1-6 MHz 


CRYSTAL 


INDUCTOR 
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40 uwh-130 wh 


Vin = Vss + 0.45V or 
Vin = Voc 


Voc = 5.5V 
Voc = 5.5V 
Vi = 0.8V 


EXTERNAL 
CLOCK 


A.C. CHARACTERISTICS 
Ta = 0°C to 70°C; Vec = +5V +10%; Vss = OV 


tac Address (CS, Ao) Setup to pied. 2s 
Control (RD, WR) 
mace 


t Recovery Time Between Reads 1 
a and/or Writes 


Condition 


WAVEFORMS 
Read Operation — Data Bus Buffer Register 


(SYSTEM'S 
ADDRESS BUS) 


(READ CONTROL) 


DATA BUS 
(OUTPUT) 


(SYSTEM'S 
ADDRESS BUS) 


WR \ / (WRITE CONTROL) 


= tac —>| r tcc > +ta> 


DATA 
MAY CHANGE 


DATA 
MAY CHANGE 


DATA BUS 
(INPUT) 


(|< DATA VALID» 


op) 
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8279/8279-5 
PROGRAMMABLE KEYBOARDIDISPLAY INTERFACE 


= MCS-85™ Compatible 8279-5 = Dual 8- or 16-Numerical Display 

7 hernias mReyRcere enepiay a Single 16-Character Display 
perations 

= Scanned Keyboard Mode = Right or Left Entry 16-Byte Display 

= Scanned Sensor Mode sii 

= Strobed Input Entry Mode a Mode Programmable from CPU 


aw 8-Character Keyboard FIFO 


a 2-Key Lockout or N-Key Rollover with 
Contact Debounce a Interrupt Output on Key Entry 


a Programmable Scan Timing 


The Intel® 8279 is a general purpose programmable keyboard and display I/O interface device designed for use with 
Intel® microprocessors. The keyboard portion can provide a scanned interface to a 64-contact key matrix. The 
keyboard portion will also interface to an array of sensors or a strobed interface keyboard, such as the hall effect and 
ferrite variety. Key depressions can be 2-key lockout or N-key rollover. Keyboard entries are debounced and strobed in 
an 8-character FIFO. If more than 8 characters are entered, overrun status is set. Key entries set the interrupt output 
line to the CPU. 


The display portion provides a scanned display interface for LED, incandescent, and other popular display 
technologies. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The 8279 
has 16X8 display RAM which can be organized into dual 16X4. The RAM can be loaded or interrogated by the CPU. Both 
right entry, calculator and left entry typewriter display formats are possible. Both read and write of the display RAM 
can be done with auto-increment of the display RAM address. 


PIN CONFIGURATION LOGIC SYMBOL 
RL C1 40 Ve 
RL3(] 2 39 [JRL PIN NAMES 


CLK 38 | JRLo 
IRO[|4 37 [JCNTL/STB 


Rial}5 36 [1] SHIFT DBo7 u 1/0 | DATA BUS (BIDIRECTIONAL) _ 

Ris (16 35 KJsL3 [CLK |_| CLOCK INPUT KEY DATA 
RESET |_| RESET INPUT 

Rle L}7 34 | J SL2 ies “i [CHPSELECT 

RL7C1s8 33 1] sty RO [iy Reapineut 
WR | | WRITE INPUT 

RESET(]9 32 [J SLo [Ao (| BUFFER ADDRESS | __ CNTL/STB |} 

ADC 10 OUT B iRQ 1 INTERRUPT REQUEST OUTPUT 

oe : ° Slos “0 | SCAN LINES “a CPU : 

WR LJ 11 30 |_] OUT By Ge a RETURN LINES” | INTERFACE 

DB, CJ 12 29 [J OUT B Rat A [SHiFTiNeUT | pong 
CNTL/STB | 1 | CONTROL/STROBE INPUT | 

0B, U4 13 28 | JOUT B3 [OUT Ao3_ OT DISPLAY (A) OUTPUTS 

DB, 27 [_] OUT Ag | Bo3 at DISPLAY (B) OUTPUTS 

BLANK DISPLAY OUTPUT _| 


26 [] OUT Ay 


0B, 25 |_] OUT Ad 
DB, 24 [J] OUT Az 
DB, LU 23 |_] BD DISPLAY 


DATA 
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FUNCTIONAL DESCRIPTION 


Since data input and display are an integral part of many 
microprocessor designs, the system designer needs an 
interface that can control these functions without placing 
a large load on the CPU. The 8279 provides this function 
for 8-bit microprocessors. 


The 8279 has two sections: keyboard and display. The 
keyboard section can interface to regular typewriter style 
keyboards or random toggle or thumb switches. The 
display section drives alphanumeric displays or a bank of 
indicator lights. Thus the CPU is relieved from scanning 
the keyboard or refreshing the display. 


The 8279 is designed to directly connect to the 
microprocessor bus. The CPU can program all operating 
modes for the 8279. These modes include: 


Input Modes 


e Scanned Keyboard — with encoded (8 x 8 x 4 key 
keyboard) or decoded (4 x 8 x 4 key keyboard) scan 
lines. A key depression generates a 6-bit encoding of 
key position. Position and shift and control status are 
stored in the FIFO. Keys are automatically debounced 
with 2-key lockout or N-key rollover. 


CLK RESET DBO-7 


DATA 
BUFFERS 


e Scanned Sensor Matrix — with encoded (8 x 8 matrix 
switches) or decoded (4 x 8 matrix switches) scan lines. 
Key status (open or closed) stored in RAM addressable 
by CPU. 


e Strobed Input — Data on return lines during control 
line strobe is transferred to FIFO. 
Output Modes 


e 8 or 16 character multiplexed displays that can be 
organized as dual 4-bit or single 8-bit. 


e Right entry or left entry display formats. 


Other features of the 8279 include: 
e Mode programming from the CPU. 


e Programmable clock to match the 8279 scan times to 
the CPU cycle time. 


e Interrupt output to signal CPU when there is keyboard 
or sensor data available. 


e An 8 byte FIFO to store keyboard information. 


e 16 byte internal Display RAM for display refresh. This 
RAM can also be read by the CPU. 


RD WR CS~ Ag 
FIFO/SENSOR 


1/0 CONTROL RAM 
- STATUS 


INTERNAL - DATA BUS (8) 


DISPLAY CONTROL AND 8x8 
ADDRESS Fema 16x8 TIMING FIFO/SENSOR KEYBOARD 
REGISTERS REGISTERS RAM DEBOUNCE 
DISPLAY ce 
—_ CONTROL 


AND 


Jo 
REGISTERS 


OUT Ag.3 OUT Bg3 BD 


TIMING 


CONTROL 


I 


RETURN 


1 SHIFT 


SLo.3 RLo.7 CNTL/STB 


SCAN COUNTER 


12-199 


wv 
eB 
<x 
aye 
Or 
=o 
cc 
uw 
a 


ww 
rl) 
rs 
ae 

a oo 
= 
Cc 
ud 
G. 


8279/8279-5 


HARDWARE DESCRIPTION 


The 8279 is packaged in a 40 pin DIP. The following is 
a functional description of each pin. 


No. Of 


Pins Designation Function 


Bi-directional data bus. All data 
and commands between the 
CPU and the 8279 are trans- 
mitted on these lines. 


8 DBo-DB7 


1 CLK Clock from system used to gen- 


erate internal timing. 


1 RESET A high signal on this pin resets 


the 8279. 


Chip Select. A low on this pin 
enables the interface functions 
to receive or transmit. 


Buffer Address. A high on this 
line indicates the signals in or 
out are interpreted as a com- 
mand or status. A low indicates 
that they are data. 


Input/Output read and write. 
These signals enable the data 
buffers to either send data to 
the external bus or receive it 
from the external bus. 


1 IRQ Interrupt Request. In a keyboard 
mode, the interrupt line is high 
when there is data in the FIFO/ 
Sensor RAM. The interrupt line 
goes low with each FIFO/ 
Sensor RAM read and returns 
high if there is still informa- 
tion in the RAM. In a sensor 
mode, the interrupt line goes 
high whenever a change in a 
sensor is detected. 


2 Vss, Voc Ground and power supply pins. 


4 SLo-SL3 Scan Lines which are used to 
scan the key switch or sensor 
matrix and the display digits. 
These lines can be either en- 
coded (1 of 16) or decoded (1 of 


4). 


Return line inputs which are 
connected to the scan lines 
through the keys or sensor 
switches. They have active in- 
ternal pullups to keep them 
high until a switch closure pulls 
one low. They also serve as an 
8-bit input in the Strobed Input 
mode. 


8 RLo-RL7 


1 SHIFT The shift input status is stored 
along with the key position on 


key closure in the Scanned 


No. Of 


Pins Designation Function 


Keyboard modes. It has an 
active internal pullup to keep it 
high until a switch closure pulls 
it low. 


1 CNTL/STB For keyboard modes this line is 
used as a control input and 
stored like status on a key clo- 
sure. The line is also the strobe 
line that enters the data into the 
FIFO in the Strobed Input mode. 
(Rising Edge). It has an active 
internal pullup to keep it high 
until a switch closure pulls it 
low. 


4 OUT Ao-OUT A3 These two ports are the outputs 

4 OUT Bo-OUT B3 for the 16 x 4 display refresh 
registers. The data from these 
Outputs is synchronized to the 
scan lines (SLo-SL3) for multi- 
plexed digit displays. The two 4 
bit ports may be blanked inde- 
pendently. These two ports may 
also be considered as one 8 bit 
port. 


Blank Display. This output is 
used to blank the display during 
digit switching or by a display 
blanking command. 


PRINCIPLES OF OPERATION 


The following is a description of the major elements of the 
8279 Programmable Keyboard/Display interface device. 
Refer to the block diagram in Figure 1. 


1/O Control and Data Buffers 


The I/O control section uses the CS, Ao, RD and WR lines 
to control data flow to and from the various internal 
registers and buffers. All data flow to and from the 8279 is 
enabled by CS. The character of the information, given or 
desired by the CPU, is identified by Ao. A logic one 
means the information is a command or status. A logic 
zero means the information is data. RD and WR determine 
the direction of data flow through the Data Buffers. The 
Data Buffers are bi-directional buffers that connect the 
internal bus to the external bus. When the chip is not 
selected (CS = 1), the devices are in a high impedance 
State. The drivers input during WReCS and output during 
RD eCS. 


Control and Timing Registers and Timing Control 


These registers store the keyboard and display modes and 
other operating conditions programmed by the CPU. The 
modes are programmed by presenting the proper 
command on the data lines with Ao = 1 and then sending 
a WR. The command is latched on the rising edge of WR. 
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The command is then decoded and the appropriate 
function is set. The timing control contains the basic 
timing counter chain. The first counter is a + N prescaler 
that can be programmed to match the CPU cycle time to 
the internal timing. The prescaler is software programmed 
to a value between 2 and 31. A value which yields an 
internal frequency of 100 kHz gives a 5.1 ms keyboard 
scan time and a 10.3 ms debounce time. The other 
counters divide down the basic internal frequency to 
provide the proper key scan, row scan, keyboard matrix 
scan, and display scan times. 


Scan Counter 


The scan counter has two modes. In the encoded mode, 
the counter provides a binary count that must be 
externally decoded to provide the scan lines for the 
keyboard and display. In the decoded mode, the scan 
counter decodes the least significant 2 bits and provides a 
decoded 1 of 4 scan. Note than when the keyboard is in 
decoded scan, so is the display. This means that only the 
first 4 characters in the Display RAM are displayed. 


In the encoded mode, the scan lines are active high 
outputs. In the decoded mode, the scan lines are active 
low outputs. 

Return Buffers and Keyboard Debounce 

and Control 

The 8 return lines are buffered and latched by the Return 
Buffers. In the keyboard mode, these lines are scanned, 
looking for key closures in that row. If the debounce 
circuit detects a closed switch, it waits about 10 msec to 
check if the switch remains closed. If it does, the address 
of the switch in the matrix plus the status of SHIFT and 
CONTROL are transferred to the FIFO. In the scanned 
Sensor Matrix modes, the contents of the return lines is 
directly transferred to the corresponding row of the 
Sensor RAM (FIFO) each key scan time. In Strobed Input 
mode, the contents of the return lines are transferred to 
the FIFO on the rising edge of the CNTL/STB line pulse. 


FIFO/Sensor RAM and Status 


This block is a dual function 8 x 8 RAM. In Keyboard or 
Strebed Input modes, it is a FIFO. Each new entry is 
written into successive RAM positions and each is then 
read in order of entry. FIFO status keeps track of the 
number of characters in the FIFO and whether it is full or 
empty. Too many reads or writes will be recognized as an 
error. The status can be read by an RD with CS low and 
Ao high. The status logic also provides an IRQ signal 
when the FIFO is not empty. In Scanned Sensor Matrix 
mode, the memory is a Sensor RAM. Each row of the 
Sensor RAM is loaded with the status of the correspond- 
ing row of sensor in the sensor matrix. In this mode, IRQ is 
high if a change in a sensor is detected. 


Display Address Registers and Display RAM 


The Display Address Registers hold the address of the 
word currently being written or read by the CPU and the 
two 4-bit nibbles being displayed. The read/write 
addresses are programmed by CPU command. They also 
can be set to auto increment after each read or write. The 
Display RAM can be directly read by the CPU after the 
correct mode and address is set. The addresses for the A 
and B nibbles are automatically updated by the 8279 to 
match data entry by the CPU. The A and B nibbles can be 
entered independently or as one word, according to the 
mode that is set by the CPU. Data entry to the display can 
be set to either left or right entry. See Interface 
Considerations for details. 


SOFTWARE OPERATION 


8279 commands 


The following commands program the 8279 operating 
modes. The commands are sent on the Data Bus with CS 
low and Ao high and are loaded to the 8279 on the rising 
edge of WR. 


Keyboard/Display Mode Set 
MSB LSB 
K 


coe [ooo] [OK [KI K 


Where DD is the Display Mode and KKK is the Keyboard 
Mode. 


DD 

0 O- 8 8-bit character display — Left entry 

- 16 8-bit character display — Left entry” 
1 O 8 8-bit character display — Right entry 

1 1 16 8-bit character display — Right entry 


For description of right and left entry, see Interface 
Considerations. Note that when decoded scan is set in 
keyboard mode, the display is reduced to 4 characters 
independent of display mode set. 


KKK 

0 0 O- Encoded Scan Keyboard — 2 Key Lockout 
0 0 1 Decoded Scan Keyboard — 2-Key Lockout 
0 1 0. Encoded Scan Keyboard — N-Key Rollover 
0 1 1 Decoded Scan Keyboard — N-Key Rollover 
1 0 OQ - Encoded Scan Sensor Matrix 

1 0 1 Decoded Scan Sensor Matrix 

1 1 0  Strobed Input, Encoded Display Scan 

1 1 #1  #£2Strobed Input, Decoded Display Scan 


Program Clock 


Code: [0 /o}1| P| [Pp jp] P| 


Where PPPPP is the prescaler value 2 to 31. The 
programmable prescaler divides the external clock by 
PPPPP to get the basic internal frequency. Choosing a 
divisor that yields 100 KHz will give the specified scan and 
debounce times. Default after a reset pulse (but not a 
program Clear) is 31. 


Read FIFO/Sensor RAM 


Code: fof 1 {ojalfx A] al] al X = Don’t Care 


Where AI is the Auto-Increment flag for the Sensor RAM 
and AAA is the row that is going to be read by the CPU. Al 
and AAA are used only if the mode is set to Sensor Matrix. 
This command is used to specify that the source of data 
reads (CS e RD e Ao) by the CPU is the FIFO/Sensor 
RAM. No additional commands are necessary as long as 
“Default after reset. 


12-201 


wn 
== 
<x 
co 
ew) 
es 
a. 
oc 
Ww 
Qa. 


w 
a 
< 
Pe 
ae a 
=o 
Cc 
lu 
a 


8279/8279-5 


data is desired from the FIFO/Sensor RAM. Another 
command is necessary if reading is desired from a 
different row than has been selected. If Alisaone, the row 


select counter will be incremented after each read so the 


next read will be from the next Sensor RAM row. 


In. the Auto Increment mode for reading data from the 
FIFO/Sensor RAM, each read advances the address by 
one so that the next read is from the next character. This 
Auto Incrementing has no effect on the display. 


Read Display RAM 


fo} }i jaja fala [a 


Where Al is the Auto-Increment flag for the Display RAM 
and AAAA is the character that the CPU is going to read 
next. Since the CPU uses the same counter for reading 
and writing, this command also sets the next write location 
and Auto-Increment mode. This command is used to 
specify the display RAM as the data source for CPU data 
reads. If Al is set, the character address will be 
incremented after each read (or write) so that the next 
read (or write) will be from (to) the next character. 


Code: 


Write Display RAM 


fojojaija lala la 


Where Al is the Auto-Increment flag for the Display RAM 
and AAAA is the character that the CPU is going to write 
next. The addressing and Auto-Increment are identical to 
Read Display RAM. The difference is that Write Display 
RAM does not affect the source of CPU reads. The CPU 
will read from whichever RAM (Display or FIFO/Sensor) 
was last specified. This command will, however, change 
the location the next Display RAM read will be from if that 
source was specified. 


Code: 


Display Write Inhibit/Blanking 
cove [To] + [x] Jwft [ac 
A 8B A B 


Where IW is Inhibit Writing (nibble A or B) and BL is 
Blanking (nibble A or B). If the display is being used as a 


' dual 4-bit display, then it is necessary to mask one of the 4- 


bit halves so that entries to the Display from the CPU do 
not affect the other half. The IW flags allow the 
programmer to do this. It is also useful to be able to blank 
either half when that half is not to be displayed. The BL 
flags blank the display. The next command sets the output 
code to be used as a “blank”. Default after reset is all zeros. 
Note that to blank a display formatted as a single 8-bit 
output, it is necessary to set both BL flags to entirely blank 
the display. A “1” sets the flag. Reissuing the command 
with a “0” resets the flag. 


Clear 


Code: 


BROCARACACACS 


Where Cp is Clear Display, Cr is Clear FIFO Status 
(including interrupt), and C, is Clear All. Cp is used to 


clear all positions of the Display RAM to a programmable 
code. All ones, all zeros and hexadecimal 20 are possible. 
The 2 least significant bits of Cp are also used to specify 
the blanking code (see below). 


Cp Cp Cp 


All Zeros (X = Don't Care) 
AB = Hex 20 (0010 0000) 
All Ones 


0 x 
1 0 
1 #1 

Enable clear display when = 1 (or by Ca = 1) 


Clearing the display takes approximately 160 us. During 
this time the CPU cannot write to the Display RAM. The 
MSB of the FIFO status word will be set during this time. 
Ce set the FIFO status to empty and resets the interrupt 
output line. After execution of a clear command with Cr 
set, the Sensor Matrix mode RAM pointer will be set to row 
0. 


Ca has the combined effect of Cp and Cr. Ca uses the Cp 
clearing code to determine how to clear the Display RAM. 
Cy, also resets the internal timing chain to resynchronize 
it. 


End Interrupt/Error Mode Set 


TELE EIR X = Don’t care. 


For the sensor matrix modes this command lowers the 
IRQ line and enables further writing into RAM. (The IRQ 
line would have been raised upon the detection of a 
change in a sensor value. This would have also inhibited 
further writing into the RAM until reset). 


Code: 


For the N-key rollover mode — if the E bit is programmed 
to “1” the chip will operate in the special Error mode. (For 
further details, see Interface Considerations Section.) 


Status Word 


The status word contains the FIFO status, error, and 
display unavailable signals. This word is read by the CPU 
when Ao is high and CS and RD are low. See Interface 
Considerations for more detail on status word. 


Data Read 


Data is read when Ao, CS and RD are all low. The source 
of the data is specified by the Read FIFO or Read Display 
commands. The trailing edge of RD will cause the address 
of the RAM being read to be incremented if the Auto- 
Increment flag is set. FIFO reads always increment (if no 
error occurs) independent of Al. 


Data Write 


Data that is written with Ao, CS and WR low is always 
written to the Display RAM. The address is specified by the 
latest Read Display or Write Display command. Auto- 
Incrementing on the rising edge of WR occurs if Al set by 
the latest display command. 
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INTERFACE CONSIDERATIONS 


Scanned Keyboard Mode, 2-Key Lockout 


There are three possible combinations of conditions 
that can occur during debounce scanning. When a key is 
depressed, the debounce logic is set. Other depressed 
keys are looked for during the next two scans. If none 
are encountered, it is a single key depression and the 
key position is entered into the FIFO along with the 
status of CNTL and SHIFT lines. If the FIFO was empty, 
IRQ will be set to signal the CPU that there is an entry in 
the FIFO. If the FIFO was full, the key will not be entered 
and the error flag will be set. If another closed switch is 
encountered, no entry to the FIFO can occur. If all other 
keys are released before this one, then it will be entered 
to the FIFO. If this key is released before any other, it 
will be entirely ignored. A key is entered to the FIFO 
only once per depression, no matter how many keys 
were pressed along with it or in what order they were 
released. If two keys are depressed within the debounce 
cycle, it is a simultaneous depression. Neither key will 
be recognized until one key remains depressed alone. 
The last key will be treated as a single key depression. 


Scanned Keyboard Mode, N-Key Rollover 


With N-key Rollover each key depression is treated 
independently from all others. When a key is depressed, 
the debounce circuit waits 2 keyboard scans and then 
checks to see if the key is still down. If it is, the key is 
entered into the FIFO. Any number of keys can be 
depressed and another can be recognized and entered 
into the FIFO. If a simultaneous depression occurs, the 
keys are recognized and entered according to the order 
the keyboard scan found them. 


Scanned Keyboard — Special Error Modes 


For N-key rollover mode the user can program a special 
error mode. This is done by the “End Interrupt/Error Mode 
Set” command. The debounce cycle and key-validity 
check are as in normal N-key mode. If during a single 
debounce cycle, two keys are found depressed, this Is 
considered a simultaneous multiple depression, and sets 
an error flag. This flag will prevent any further writing into 
the FIFO and will set interrupt (if not yet set). The error flag 
could be read in this mode by reading the FIFO STATUS 
word. (See “FIFO STATUS” for further details.) The error 
flag is reset by sending the normal CLEAR command with 
CF = 1. 


Sensor Matrix Mode 

In Sensor Matrix mode, the debounce logic is inhibited. 
The status of the sensor switch is inputted directly to the 
Sensor RAM. In this way the Sensor RAM keeps an image 
of the state of the switches in the sensor matrix. Although 
debouncing is not provided, this mode has the advantage 
that the CPU knows how long the sensor was closed and 
when it was released. A keyboard mode can only indicate 
a validated closure. To make the software easier, the 
designer should functionally group the sensors by row 
since this is the format in which the CPU will read them. 


The IRQ line goes high if any sensor value change is 
detected at the end of asensor matrix scan. The IRQ lineis 
cleared by the first data read operation if the Auto- 


Increment flag is set to zero, or by the End Interrupt 
command if the Auto-Increment flag is set to one. 


Note: Multiple changes in the matrix Addressed by (SLo-3 
= 0) may cause multiple interrupts. (SLo =0 in the Decoded 
Mode). Reset may cause the 8279 to see multiple changes. 


Data Format 


In the Scanned Keyboard mode, the character entered 
into the FIFO corresponds to the position of the switch 
in the keyboard plus the status of the CNTL and SHIFT 
lines (non-inverted). CNTL is the MSB of the character 
and SHIFT is the next most significant bit. The next 
three bits are from the scan counter and indicate the 
row the key was found in. The last three bits are from the 
column counter and indicate to which return line the key 
was connected. 


MSB LSB 


CNTL |SHIFT SCAN RETURN 


SCANNED KEYBOARD DATA FORMAT 


In Sensor Matrix mode, the data on the return lines is 
entered directly in the row of the Sensor RAM that 
corresponds to the row in the matrix being scanned. 
Therefore, each switch postion maps directly to a Sensor 
RAM position. The SHIFT and CNTL inputs areignored in 
this mode. Note that switches are not necessarily the only 
thing that can be connected to the return lines in this 
mode. Any logic that can be triggered by the scan lines 
can enter data to the return line inputs. Eight multiplexed 
input ports could be tied to the return lines and scanned by 
the 8279. 


MSB LSB 


In Strobed Input mode, the data is also entered to the FIFO 
from the return lines. The data is entered by the rising 
edge of a CNTL/STB line pulse. Data can come from 
another encoded keyboard or simple switch matrix. The 
return lines can also be used as a general purpose strobed 
input. 


MSB LSB 


Display 
Left Entry 


Left Entry mode is the simplest display format in that each 
display position directly corresponds to a byte (or nibble) 
in the Display RAM. Address 0 in the RAM is the left-most 
display character and address 15 (or address 7 in 8 
character display) is the right most display character. 
Entering characters from position zero causes the display 
to fill from the left. The 17th (9th) character is entered back 
in the left most position and filling again proceeds from 
there. 
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14 15~<— Display 
RAM 
Address 


= 


0 
Ist entry 
0 


14 15 
2nd entry 


; 
: 


14 15 
14 15 


14 15 


LEFT ENTRY MODE 
(AUTO INCREMENT) 


16th entry 


17th entry 


1 | 
1 
1 | 

| 


18th entry 


Right Entry 


Right entry is the method used by most electronic 
calculators. The first entry is placed in the right most 
display character. The next entry is also placed inthe right 
most character after the display is shifted left one 
character. The left most character is shifted off the end 
and is lost. 


+ 2 14 15 O~<€Display 
iad: TT ; ; Jb 18 ee 
2 3 —. _ _ 15 0 1 
3 4 0 1 2 
3rd entry T | I. } 1] 2] 3 


0 
16th entry EE ; 


12 14:15 0 
money [z[3]7 77 “The 

2 3 15 0 1 
18th entry 16/17/18 | 


RIGHT ENTRY MODE 
(AUTO INCREMENT) 


Note that now the display position and register address do 
not correspond. Consequently, entering a character to an 
arbitrary position in the Auto Increment mode may have 
unexpected results. Entry starting at Display RAM address 
0 with sequential entry is recommended. 


Auto Increment 


In the Left Entry mode, Auto Incrementing causes the 
address where the CPU will next write to be incremented 
by one and the character appears in the next location. 
With non-Auto Incrementing the entry is both to the same 
RAM address and display position. Entry to an arbitrary 
address in the Auto Increment mode has no undesirable 
side effects and the result is predictable: 
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012 3 4 5 6 7 Display 


Ist entry HR2RSRER iis 
0123 45 67 

2nd entry 2} | | | ft [i 
0123 45 67 

Co zy TTT 

oni LEE _— 


Enter next at Location 5 Auto Increment 


0123 45 6 7 


sso PPTTT PLL 
0 


23 4 5 6 7 


1 
RRBs 


LEFT ENTRY MODE 

(AUTO INCREMENT) 
In the Right Entry mode, Auto Incrementing and non 
Incrementing have the same effect as in the Left Entry 
except if the address sequence is interrupted: 


4th entry 


12 3 4 5 6 7 Q~<—Display 


no eee TIT TTT Ty ben 
23 465 6/701 

and ty [TTT TTD 
23 45 67 0 1 

command | | | | | | [2 

10010101 
Enter next at Location 5 Auto Increment 
345 67071 2 

x emry [T Ts] TPT 
45670 1 2 3 

«ney [T3]*] [PI 11 


RIGHT ENTRY MODE 
(AUTO INCREMENT) 


Starting at an arbitrary location operates as shown below: 


012 3 4 5 6 7<«€ Display 
RAM 


crs (TIT TTITI 

10010101 Address 
Enter next at Location 5 Auto Increment 
|! zZ2so 4 65 6 FF OD 

Ist entry 
23 45 670 1 

and entry | 7 | f1i2] | | | 

eae CIEICIEACIEEEIES 

men BP PPP ET 


RIGHT ENTRY MODE 
(AUTO INCREMENT) 


8279/8279-5 


Entry appears to be from the initial entry point. 


8/16 Character Display Formats 


If the display mode is set to an 8 character display, the on 
duty-cycle is double what it would be for a 16 character 
display (e.g., 5.1 ms scan time for 8 characters vs. 10.3 ms 
for 16 characters with 100 kHz internal frequency). 


G. FIFO Status 


FIFO status is used in the Keyboard and Strobed Input 
modes to indicate the number of characters in the FIFO 
and to indicate whether an error has occurred. There are 
two types of errors possible: overrun and underrun. 
Overrun occurs when the entry of another character intoa 
full FIFO is attempted. Underrun occurs when the CPU 
tries to read an empty FIFO. 


The FIFO status word also has a bit to indicate that the 
Display RAM was unavailable because a Clear Display or 
Clear All command had not completed its clearing 
operation. 


APPLICATIONS 


DATA 7—\ 


8-BIT 
MICRO- a a 

PROCESSOR ask 27 
SYSTEM 


CONTROLS 
RESET 
cs = 
BUS 


CLOCK 


In a Sensor Matrix mode, a bit is Set! at iF 
word to indicate that at least one sensor algeyrd 
is contained in the Sensor RAM. a hd 


as OL g 
In Special Error Mode the S/E bit is stoning the efor fla 
and serves as an indication to whether a simultané 1s 


multiple closure error has occurred. 


FIFO STATUS WORD 
y FIFO Full 


Number of 
characters in FIFO 


Error-Underrun 
Error-Overrun 


Sensor Closure/Error Flag for 
Multiple Closures 
Display unavailable 


KEYBOARD 


SHIFT MATRIX 


CONTROL 


8 COLUMNS 
RETURN 


3-- 8 DECODER 


SCAN LINES J 


4 +16 DECODER 


ADDRESSES 
(DECODED) 


DISPLAY 
CHARACTERS 
DATA 


DISPLAY 


*Do not drive the keyboard decoder with the MSB of the scan lines. 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature ...........-0- 0°C to 70°C 
Storage Temperature ............. -65°C to 125°C 
Voltage on any Pin with 

Resoect to Ground «cn ieies cae nas -0.5V to +7V 
Power Dissipation ....... 2.0.0 eee eee ee eee 1 Watt 


D.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Vss = OV, Note 1 


Symbol Parameter 


Vint Input Low Voltage for 
Return Lines 


ViL2 Input Low Voltage for All Others 


ViH1 Input High Voltage for 
Return Lines 


ViH2 Input High Voltage for All Others 
VOL Output Low Voltage 


VoH Output High Voltage on Interrupt 
Line 


ne Input Current on Shift, Control and 
Return Lines 


lita Input Leakage Current on All Others 


lOFEL Output Float Leakage 
lec Power Supply Current 


Notes: 

1. 8279, Vac = +5V 25%; 8279-5, Vcc = t5V £10%. 
2. 8279, lo, = 1.6mA; 8279-5, lo_ = 2.2mA. 

3. 8279, IQyH = -100uHA; 8279-5, Io = -400UA. 


CAPACITANCE 
SYMBOL | TEST 


Ci. Input Capacitance 


Cout Output Capacitance 
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“COMMENT: Stresses above those listed t 

Maximum Ratings’” may cause permanent. dam 
device. This is a stress rating only and function: 
tion of the device at these or any other conditians-ab. : 
those indicated in the operational sections of this speci 
cation is not implied. Exposure to absolute maximum 7 
rating conditions for extended periods may affect device 
reliability. 


ane 

a 

Ls 0.45 Note 2 

ia Ml De 

a +10 LA Vin = Voc 
-100 uA Vin = OV 

ee ce 


MAX. TEST CONDITIONS 
Vin= Voc 
| 10 | 20 | oF | VourVec 


A.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Vsg = OV, (Note 1) 


Bus Parameters 


Read Cycle: 
Symbol Min. 
tar Address Stable Before READ 50 
tRA Address Hold Time for READ ) 
trR READ Pulse Width 420 
trp! Data Delay from READ 
tapl2] Address to Data Valid 
tor READ to Data Floating 10 
trey Read Cycle Time 1 
Write Cycle: 
Symbol Parameter 
taw Address Stable Before WRITE 


twa Address Hold Time for WRITE 
tww WRITE Pulse Width 

Data Set Up Time for WRITE 
two Data Hold Time for WRITE 


oC 
= 


Notes: 
1. 8279, Voq =+5V 25%; 8279-5, Voc = +5V *10%. 
2. 8279, CL = 100pF; 8279-5, Cy = 150pF. 


Other Timings: 


Symbol Parameter 


Clock Pulse Width 


Clock Period 


Keyboard Scan Time: 5.1 msec 
Keyboard Debounce Time: 10.3 msec 
Key Scan Time: 80 usec 
Display Scan Time: 10.3 msec 


input Waveforms For A.C. Tests 


2.0 
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8279 


Digit-on Time: 
Blanking Time: 


Internal Clock Cycle: 


> TEST POINTS < 


0.8 


0.8 
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480 usec 
160 usec 
10 psec 
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WAVEFORMS 


Read Operation 


(SYSTEM'S. >, 


+ tag ——>|+ WY 


(READ CONTROL) 


DATA BUS 
(OUTPUT) 


(SYSTEM'S 


Ao, CS ADDRESS BUS) 


(WRITE CONTROL) 


DATA BUS DATA DATA 
(INPUT) MAY CHANGE (i DATA VALID MAY CHANGE 


Clock Input 


+ tegyy ———> 


tcy 


wn 
A 
<x 
>a 
ae a 
=o 
Cc 
uu 
oO 


12-208 


intel 8294 


DATA ENCRYPTION UNIT 


= 80-Byte/Sec Data Conversion Rate = Single 5V +10% Supply 

= 64-Bit Data Encryption Using 56-Bit = Peripheral to MCS-58™, MCS-80™, and 
Key McCS-48™ Processors 

a DMA Interface = Compatible with Algorithm Specified 

= 3 Interrupt Output to Aid in Loading in Federal Information Processing 
and Unloading Data Data Encryption Standard 

a 7-Bit User Output Port = Encode and Decode Modes Available 


The Intel® 8294 Data Encryption Unit (DEU) is a microprocessor peripheral device designed to encode and decode 
64-bit blocks of data using the algorithm specified in the Federal Information Processing Data Encryption Standard. 
The DEU operates on 64-bit text words using a 56-bit user-specified key to produce 64-bit cipher words. The operation 
is reversible: if the cipher word is operated upon, the original text word is produced. The algorithm itself is permanent- 
ly contained in the 8294; however, the 56-bit key is user-defined and may be changed at any time. 


The 56-bit key and 64-bit message data are transferred to and from the 8294 in 8-bit bytes by way of the system data 
bus. A DMA interface and 3 interrupt outputs are available to minimize software overhead associated with data 
transfer. Also, by using the DMA interface, 2 or more DEUs may be operated in parallel to achieve effective system 
baud rates which are virtually any multiple of 80 bytes/second. The 8294 also has 7-bit TTL compatible output port for 
user-specified functions. 

Because the 8294 is compatible with the NBS encryption standard it can be used in a variety of electronic funds 
transfer applications as well as other electronic banking and data handling applications where data must be en- 
crypted. 


PIN 
CONFIGURATION PIN NAMES BLOCK DIAGRAM 


DATA 
DATA BUS DATA BUS aeXe 
READ, WRITE STROBES BUS BUFFER STORAGE 


CHIP SELECT REGISTERS __ 
CONTROL/DATA SELECT 


RESET INPUT = 
FREQUENCY REFERENCE INPUT RD - 
HIGH FREQUENCY OUTPUT WA 
DMA REQUEST, DMA ACKNOWLEDGE cS ——>O} controL 
SRQ, OAV, CCMP | INTERRUPT REQUEST OUTPUTS Ao AND 


P6-Po OUTPUT PORT LINES as INTERRUPT a aa ALGORITHM 
7-BIT 
meni OUTPUT a. Po-P¢ 
— 4 PORT 
RESET 


DMA DRQ 
LOGIC <E— DACK 
x4 
~~ 


INTERNAL 
BUS 


MESSAGE 
STORAGE 


Vcc, Vpp, GND _| +5V POWER, GND 
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8294 


COMMAND SUMMARY 


Enter New Key 


[2] Jofo}ojo}ofo | 


MSB LSB 


OP CODE: 


This command is foliowed by 8 data inputs which are 
retained in the key buffer (RAM) to be used in encrypting 
and decrypting data. 


Encode Data 


IER EOE 
SB LS 


M B 


OP CODE: 


This command puts the 8294 into the encrypt mode. 


Decode Data 


orcooe: [ool olo[o fale 


This command puts the 8294 into the decrypt mode. 


Set Mode 

orcooe: [oo fofoals lel 
MSB LSB 

where: 


A is the OAV (Output Available) interrupt enable 

B is the SRQ (Service Request) interrupt enable 

C is the DMA (Direct Memory Access) transfer enable 
D is the CCMP (Conversion Complete) interrupt enable 


This command determines which interrupt outputs will be 
enabled. A “1” in bits A, B, or D will enable the OAV, 
SRQ, or CCMP interrupts respectively. A “1” in bit C will 
allow DMA transfers. When bit C is set the OAV and SRO 
interrupts should also be enabled (bits A,B = 1). Following 
the command in which bit C, the DMA bit, is set the 8294 
will expect one data byte to specify the number of 8-byte 
blocks to be converted using DMA. 


Write to Output Port 


1 FrelPsiPaPalPaPaPo 


MSB LSB 


OP CODE: 


This command causes the 7 least significant bits of the 
command byte to be latched as output data on the 8294 
output port. 


FUNCTIONAL DESCRIPTION 


In non-DMA mode, the conversion sequence is as follows: 


1. A mode command is issued to enable the desired inter- 
rupt outputs. 


2. A new key command is issued followed by 8 data inputs 
to initialize the key. Each byte must have odd parity. 


3. The encrypt data or decrypt data command is issued to 
set the DEU in the desired mode. 


After this, data conversions are made by writing 8 data 
bytes and then reading back 8 converted data bytes. Any of 
the above commands may be issued between data conver- 
sions to change the basic operation of the DEU; e.g., a 
decrypt data command could be issued to change the DEU 
from encrypt mode to decrypt mode without changing 
either the key or the interrupt outputs enabled. 


COMMAND AND DATA TRANSFER 


Four internal registers are addressable by the master: 2 for 
input, 2 for output. Access and function of these registers 
are described below. 


RD WR CS Ag Register 

1 0 O O Data input buffer 

D0 Tt OU OQ Data output buffer 

0 1 0 1 Status output buffer 

1 O O 1 Command input buffer 
xX X 1 X Don't care 


Data Input Buffer — Data written to this register is inter- 
preted as part of a key, as data to be encrypted/decrypted, 
or as a DMA block count, depending on the command 
sequence preceding the write. 


Data Output Buffer — Data read from this register will be 
the output of the encrypter/decrypter function. 


Status Output Buffer — DEU status is available in this regis- 
ter at all times. 

STATUS 
BIT: 
FUNCTION: XXX XXX XXX KPE HS DEC 


7 6 5 4 3 2 1 0 
IBF OBF 


OBF — Output buffer full; OBF = 1 indicates that the 
output buffer contains encrypter/decrypter output 


data. It is set false when the data is read. 


IBF — Input buffer full; IBF is set true when a command 
or data is written to the input buffer. The DEU 
sets this flag false when it has accepted the input 


byte. No data should be written when IBF = 1. 


DEC — Decode; indicates whether the DEU is in encrypt 
or decrypt mode. Decrypt: DEC = TRUE; 


Encrypt: DEC = FALSE. 


HS — Handshake flag; this flag is used in the data trans- 


fer protocol. 


KPE —_ Key Parity Error; after a new key has been entered, 
the DEU will use this flag in conjunction with the 


HS flag to indicate correct or incorrect parity. 


Command Input Buffer —Commands to the DEU are 


written to this register. 
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MASTER/SLAVE INTERFACE 


Figures 1 through 4 illustrate four interface configurations used in Master/Slave data transfers. In all cases SRO will be true 
(if enabled) and IBF will be false when the DEU is ready to accept data or commands. 


INTERFACE TO wR ———-O PROCESSOR 

8080, 8085, 8048, —_ INTERFACE 
OR OTHER RD ———_-O 8294 

8-BIT PROCESSOR 


Figure 1. Polling Interface Figure 2. Single Interrupt Interface 
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Figure 3. Dual Interrupt Interface 
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*DMARO IS FOR MEMORY TO DEU DATA TRANSFER 
DMAR1 IS FOR DEU TO MEMORY DATA TRANSFER 


Figure 4. DMA Interface 
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INTERFACE TIMING 


Figures 5 through 8 illustrate recommended protocol sequences and timing for transferring commands and data between the 
master processor and the 8294. 


Figure 5. Single Byte Command 
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Figure 6. New Key Command Figure 7. Encode/Decode data 
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SET DMA ee 
DMA BLOCK 8 DMA READS 8 DMA WRITES 


MODE COUNT (n}) 
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REPEATED n TIMES 


Figure 8. DMA Sequence 
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MICROCOMPUTER DEVELOPMENT SYSTEMS 


INTELLEC SERIES Il 


MODEL 210 
INTELLEC® SERIES Il 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Low-cost development system for MCS-80™, 
MCS-85™ and MCS-48™ microprocessor families 


Compact 4-slot chassis 


Single LSI electronics board with CPU, 32K bytes 
RAM memory and 4K bytes ROM memory 


Built-in interfaces for TTY, CRT, Printer, High- 
Speed Paper Tape Reader/Punch and Universal 
PROM Programmer 


Eight-level nested, maskable priority interrupt sys- 
tem 


ROM-based Monitor, Assembler and Editor 


Self-Test Diagnostic capability 


Standard MULTIBUS™ with multiprocessor and 
DMA capabilities 


Easy upgrade to other Intellec Series Il Systems 


Compatible with standard Intellec/iSBC Expan- 
sion Modules 


Software compatible with previous Intellec sys- 
tems 


The Intellec Series I| Model 210 Microcomputer Development System is a low-cost, fully-supported development sys- 
tem providing basic hardware and software support for development of products based around Intel’s MCS-80 or 
MCS-85 microprocessor families. Through optional software, this development capability can be extended to products 


based on the MCS-48 family of microprocessors. 


Using the user-supplied system console (TTY or equivalent), the product designer may enter and correct his program’s 
source code, then assemble and begin execution, all using the Model 210 ROM-resident Editor/Assembler. MCS-80 
and MCS-85 debugging is accomplished through system monitor debug commands. Completed programs may be 
punched to paper tape for loading into the user’s system or programmed into PROM using the optional Intellec 


Universal PROM Programmer. 
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MODEL 210 


MODEL 210 HARDWARE DESCRIPTION 


The Intellec Series || Model 210 is a compact, 4” table- 
top chassis with 4-slot cardcage, power supply, and two 
printed circuit cards. The CPU, interrupt, I/O and bus in- 
terface circuitry are all fashioned from Intel’s high tech- 
nology LSI components and located on one PC board. 
Known as the integrated processor board (IPB), it occu- 
pies the first slot in the cardcage. A second PC board 
(the parallel 1/O board — PIO) containing additional I/O 
interface logic is mounted on the rear panel. The remain- 
ing 3 slots in the cardcage are available for system ex- 
pansion. 


The heart of the IPB is an Intel NMOS 8-bit microproc- 
essor, the 8080A-2, running at 2.6 MHz. 32K bytes of 
RAM memory are provided on the board using Intel 16K 
RAMs. 4K of ROM is provided, preprogrammed with 
system bootstrap, ‘‘self-test” diagnostics and the Intel- 
lec Series Il System Monitor. The 8-level vectored prior- 
ity interrupt system allows interrupts to be individually 
masked. Using Intel’s versatile 8259 interrupt controller, 
the interrupt system may be user-programmed to re- 
spond to individual needs. 


The I/O subsystem in the Model 210 consists of two 
parts. Two serial channels are provided directly on the 
IPB itself. Each channel is RS232 compatible and is 
capable of running asynchronously from 110 to 9600 
baud or synchronously from 150 to 56K baud. One chan- 
nel contains current loop adapters for teletype compati- 
bility. Both channels are implemented using Intel’s 8251 
USART. They can be programmatically selected to per- 
form a variety of I/O functions. 


Baud rate selection is accomplished programmatically 
through an Intel 8253 Interval Timer. The 8253 also 
serves as the real-time clock for the entire system. I/O 
activity is signaled to the system through a second 8259 


PIO/OC 
PORT 
INTERFACE 


AUXILIARY 
ROM BOARD 
20K ROM 


8-LEVEL 
PRIORITY 


RESOLUTION 
& CONTROL 


FRONT 
PANEL 


INTERRUPT CONTROL 
8259 


INTELLEC® BUS 


interrupt controller, operating in a polled mode, nested 
to the primary 8259. 


The second part of the I/O subsystem consists of the in- 
terface logic provided on the PIO board itself. Utilizing 
Intel’s UPI-41 programmable peripheral controller, the 
PIO board provides device interfaces for: 


e Printer 

e High-Speed Paper Tape Reader 
e High-Speed Paper Tape Punch 
e Universal PROM Programmer 


Communication between the PIO and IPB is maintained 
over a separate 8-bit bidirectional data bus. Connectors 
for the 4 devices specified above, as well as the two 
serial channels, are mounted directly on the PIO. 


User control is maintained through a front panel con- 
sisting of a power switch and indicator, reset/boot 
switch, run/halt light, and 8 interrupt switches and indi- 
cators. The front-panel circuit board is attached directly 
to the IPB, allowing the 8 interrupt switches to connect 
to the primary 8259, as well as the Intellec Series II Bus. 


All Intellec Series Il models implement the industry- 
standard MULTIBUS. It enables several bus masters, 
such as CPU and DMA devices, to share the bus and 
memory by operating at different priority levels. Resolu- 
tion of bus exchanges is synchronized by a bus clock 
signal which is derived independently from processor 
clocks. Read/write transfers may take place at rates up 
to 5 MHz. The bus structure is suitable for use with any 
Intel microprocessor family. 


All standard Model 210 software is ROM based to elimi- 
nate costly delays of loading paper tape. The ca- 
pabilities of the System Monitor with its “self-test” 
diagnostics, Text Editor and MCS-80/MCS-85 or MCS-48 
ROM Assemblers are described on pages 13-19 to 13-22 
of this catalog. 


LOCAL 
INTERRUPT 
CONTROL 

8259 


—. 


BAUD RATE 
GENERATOR & 
REAL-TIME CLOCK 

8253 


SERIAL 
CHANNEL 0 
8251 


SERIAL 
CHANNEL 1 
8251 


SIMPLIFIED IPB BLOCK DIAGRAM 
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MODEL 210 


SPECIFICATIONS 


PHYSICAL 

Dimensions: 19.13” (48.59 cm) deep x 17.37” (44.12 
cm) wide x 4.81” (12.22 cm) high 

Weight: 45 |b (20.5 kg) 

ELECTRICAL 


DC Power Supply: 


Volts Amps Typical 
Supplied Supplied System Requirements 


+12 +5% 
—12 +5% 
—10 +5% 


AC Requirements: 50-60 Hz, 115/230 VAC 


ENVIRONMENTAL 
Operating Temperature: 0° to 35°C (95°F) 


HOST PROCESSOR (IPB) 
8080A-2 based, operating at 2.600 MHz. 


RAM: 32K, expandable to 64K with SBC-032 RAM 
board (System Monitor occupies 62K through 
64K). 

ROM: 4K (2K in monitor, 2K in boot/diagnostic), ex- 
pandable with addition of 20K auxiliary ROM 
board containing Text Editor and Assembler. 

Bus: MULTIBUS, maximum transfer rate of 5 MHz. 

Clocks: Host Processor, crystal controlled at 2.6 MHz. 


Bus Clock, crystal controlled at 9.8304 MHz. 


ORDERING INFORMATION 


PRODUCT CODE DESCRIPTION 


MDS-210 Intellec Series Il Model 210 
Microcomputer Development 
System 
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I/O Interfaces: 
2 Serial 1/0 Channels, RS232C, at 110-9600 baud 
(asynchronous) or 150-56K baud (synchronous). Baud 
rates and serial format fully programmable using Intel 
8251 USARTs. Serial Channel 1 additionally provided 
with 20 mA current loop. 


Parallel I/O interfaces provided for paper tape punch, 
paper tape reader, printer, and Universal PROM Pro- 
grammer. 


Interrupts: 
8-level, maskable, nested priority interrupt network 
initiated from front panel or user-selected devces. 


Direct Memory Access (DMA): 
Standard capability on MULTIBUS; implemented for 
user-selected DMA devices through optional DMA 
module — maximum transfer rate of 2 MHz. 


Memory Access Time: 
RAM: 585 ns 
PROM: 450 ns 


EQUIPMENT SUPPLIED 

Model 210 Chassis 

Integrated Processor Board (IPB) 

Parallel I/O Board (PIO) 

ROM-Resident System Monitor 

Auxiliary ROM Board with MCS-80/MCS-85 Assembler 
and Text Editor 

PROM Programming Software (Paper Tape) 

Assembler Cross Reference Program (Paper Tape) 

A Guide to Microcomputer Development Systems 
(9800558) 

Model 210 User’s Guide (9800557) 

Hardware Interface Manual (9800555) 

8080/8085 Assembly Language Manual (9800301) 

Monitor Source Listing (9800605) 

Schematic Drawings (9800554) 
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intl MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTELLEC SERIES Il 


MODEL 220 
INTELLEC® SERIES Il 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Complete Microcomputer Development System Eight-level nested, maskable priority interrupt sys- 
in one package for MCS-80™, MCS-85™ and - tem 
MCS-48™ microprocessor families 
Powerful ISIS-II Diskette Operating System with 
Integral CRT with detachable upper/lower case Relocating Macro Assembler, Linker and Locater 
“typewriter” style full ASCII keyboard 
Self-Test Diagnostic capability 
Integral 250K-byte floppy disk with total storage 
capacity expandable to over 2M bytes Standard MULTIBUS™ with multiprocessor and 
DMA capability 
Single LSI electronics board with CPU, 32K bytes 
RAM memory and 4K bytes ROM memory Compatible with standard Intellec/iSBC Expan- 
sion Modules 
Built-in interfaces for High-Speed Paper Tape 
Reader/Punch, Printer and Universal PROM Pro- Software compatible with previous Intellec Sys- 
grammer tems 


The Intellec Series Il Model 220 is a complete microcomputer development system integrated into one compact 
package. It includes a CPU with 32K bytes of RAM memory, 4K bytes of ROM memory, a 2000-character CRT, detach- 
able full ASCII keyboard with cursor controls and upper/lower case capability, and a 250K-byte floppy diskette drive. 


Powerful ISIS-Il Diskette Operating System software allows the Model 220 to be used quickly and efficiently for as- 
sembly and debugging of programs for Intel’s MCS-80, MCS-85 or MCS-48 microprocessor families without the need 
for handling paper tape. ISIS-II performs all file handling operations for the user, leaving him free to concentrate on the 
details of his own application. When used in conjunction with an optional in-circuit emulator (ICE™) module, the 
Model 220 provides all the hardware and software development tools necessary for the rapid development of a micro- 
computer based product. 
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MODEL 220 


MODEL 220 HARDWARE DESCRIPTION 


The Intellec Series Il Model 220 is a packaged, highly 
integrated microcomputer development system con- 
sisting of a CRT chassis with 6-slot cardcage, power 
supply, fans, cables, single floppy diskette drive and 
two printed circuit cards. A separate, full ASCII 
keyboard is connected with a cable. The master CPU 
card contains its own microprocessor, memory, I/O, in- 
terrupt and bus interface circuitry, fashioned from In- 
tel’s high-technology LSI components. Known as the in- 
tegrated processor board (IPB), it occupies the first slot 
in the cardcage. A second, slave CPU card, is responsi- 
ble for all remaining I/O control, including the CRT and 
keyboard interface and floppy disk control. This card, 
mounted on the rear panel, also contains its own micro- 
processor, RAM and ROM memory and |/O interface, 
thus in effect creating a dual processor environment. 
Known as the I/O controller (IOC), the slave CPU card 
communicates with the IPB over an 8-bit bidirectional 
data bus, thus leaving the remaining 5 slots in the card- 
cage available for system expansion. 


The heart of the IPB is an Intel NMOS 8-bit microproces- 
sor, the 8080A-2, running at 2.6 MHz. 32K bytes of RAM 
memory are provided on the board using Intel 16K 
RAMs. 4K of ROM is provided, preprogrammed with 
system bootstrap, ‘‘self-test” diagnostics and the Intel- 
lec Series Il System Monitor. The 8-level vectored prior- 
ity interrupt system allows interrupts to be individually 
masked. Using Intel’s versatile 8259 interrupt controller, 
the interrupt system may be user-programmed to re- 
spond to individual needs. 


The I/O subsystem in the Model 220 consists of two 
parts: the IOC card and two serial channels on the IPB 
itself. Each serial channel is RS232 compatible and is 
capable of running asynchronously from 110 to 9600 
baud or synchronously from 150 to 56K baud. Both may 
be connected to a user-defined data set or data terminal. 
One channel contains current loop adapters. Both chan- 
nels are implemented using Intel’s 8251 USART. They 
can be programmatically selected to perform a variety of 
/O functions. Baud rate selection is accomplished pro- 
grammatically through an Intel 8253 Interval Timer. The 
8253 also serves as a real-time clock for the entire 
system. I/O activity through both serial channels is 
signaled to the system through a second 8259 interrupt 
controller, operating in a polled mode, nested to the 
primary 8259. 


The remainder of system I/O activity takes place in the 
lOC. The IOC provides interfaces for the CRT, keyboard, 
integral floppy disk and standard Intellec peripherals, in- 
cluding printer, high-speed paper tape reader/punch and 
Universal PROM Programmer.The IOC contains its own 
independent microprocessor, also an 8080A-2. This CPU 
controls all I/O operations, as well as supervising com- 
munications with the IPB. 8K bytes of ROM contain all 
/O control firmware. 8K bytes of RAM are used for CRT 
screen refresh storage and the floppy disk buffer. These 
do not occupy any space in Intellec Series Il main 
memory since the IOC is a totally independent micro- 
computer subsystem. 
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The CRT is a 12-inch raster scan-type monitor with a 
50/60 Hz vertical scan rate and 15.5 kHz horizontal scan 
rate. Controls are provided for brightness and contrast 
adjustments. The interface to the CRT is provided 
through an Intel 8275 single-chip, programmable CRT 
controller. The master processor on the IPB transfers a 
character for display to the l|OC, where it is stored in 
RAM. The CRT controller reads a line at a time into its 
line buffer through an Intel 8257 DMA Controller and 
then feeds one character at a time to the character gen- 
erator to produce the video signal. Timing for the CRT 
control is provided by an Intel 8253 Interval Timer. The 
screen display is formatted as 25 rows of 80 characters. 
The full set of ASCII characters are displayed, including 
lower-case alphas. 


The keyboard interfaces directly to the l|OC processor 
via an 8-bit data bus. The keyboard contains an Intel 
UPI-41 Universal Peripheral Interface which scans the 
keyboard, encodes the characters and buffers the char- 
acters to provide N-key rollover. The keyboard itself is a 
high quality typewriter-style keyboard containing the 
full ASCII character set. An upper/lower case switch 
allows the system to be used for document preparation. 
Cursor control keys are also provided. 


The floppy disk drive is controlled by an Intel 8271 
single-chip, programmable floppy disk controller. It 
transfers data via an Intel 8257 DMA Controller between 
an l|OC RAM buffer and the diskette. The 8271 handles 
reading and writing of data, formatting diskettes and 
reading status, all upon appropriate commands from the 
1OC microprocessor. ; 


A UPI-41 Universal Peripheral Interface on the IOC board 
performs similar functions to the UPI-41 on the PIO 
board in the Model 210. It provides interface for other 
standard Intellec peripherals, including: 


e Printer 

e High-Speed Paper Tape Reader 
e High-Speed Paper Tape Punch 
e Universal PROM Programmer 


Communication between the IPB and IOC is maintained 
over a separate, 8-bit bidirectional data bus. Connectors 
for the devices named above, as well as the two serial 
channels, are mounted directly on the IOC itself. 


User control is maintained through a front panel con- 
sisting of a power switch and indicator, reset/boot 
switch, run/halt light, and 8 interrupt switches and indi- 
cators. The front-panel circuit board is attached directly 
to the IPB, allowing the 8 interrupt switches to connect 
to the primary 8259, as well as the Inteilec Series I] Bus. 


All Intellec Series Il models implement the industry- 
standard MULTIBUS. It enables several bus masters, 
such as CPU and DMA devices, to share the bus and 
memory by operating at different priority levels. Resolu- 
tion of bus exchanges is synchronized by a bus clock 
signal which is derived independently from processor 
clocks. Read/write transfers may take place at rates up 
to 5 MHz. The bus structure is suitable for use with any 
Intel microcomputer family. 


The Model 220 may be expanded to 64K of RAM and up 
to 2% million bytes of on-line diskette storage. 
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MODEL 220 


SYSTEM 
CONTROLLER 


CABLE BUS TO IPB 


8253 
INTERVAL 
TIMER 


| 


8271 8275 
FLOPPY CRT 
CONTROLLER CONTROLLER 


KEYBOARD 


| 


PIO BUS 


TAPE TAPE 
PRINTER PUNCH READER 


/O CONTROLLER (IOC) 


SPECIFICATIONS 


PHYSICAL 

Dimensions: 19.13” (48.59 cm) deep x 17.37” (44.12 
cm) wide x 15.81” (40.16 cm) high 

Weight: 86 Ib (39 kg) 

Keyboard: g”’ (22 cm) deep x 17.37” (44.12 cm) 
wide x 3.0” (7.62 cm) high 

Weight: 6 Ib (3 kg) 

ELECTRICAL 


DC Power Supply: 


Volts Amps Typical 
Supplied Supplied System Requirements 


+12 +5% 


-12 +5% 
-10 +5% 
+15 25% 
+24 +5% 
*Not available on bus. 


AC Requirements: 50-60 Hz, 115/230 VAC 


ENVIRONMENTAL 
Operating Temperature: 0° to 35°C (95°F) 


HOST PROCESSOR (IPB) 

8080A-2 based, operating at 2.600 MHz. 

RAM: 32K, expandable to 64K with SBC-032 RAM 
boards (System Monitor occupies 62K through 
64K). 


ROM: 4K (2K in monitor, 2K in boot/diagnostic). 
Bus: MULTIBUS, maximum transfer rate of 5 MHz. 


Clocks: Host Processor, crystal controlled at 2.6 MHz. 
Bus Clock, crystal controlled at 9.8304 MHz. 
I/O Interfaces: 
2 Serial I/O Channels, RS232C, at 110-9600 baud 
(asynchronous) or 150-56K baud (synchronous). Baud 
rates and serial format fully programmable using Intel 
8251 USARTs. Serial Channel 1 additionally provided 
with 20 mA current loop. 


Parallel I/O interfaces provided for paper tape punch, 
paper tape reader, printer, and Universal PROM Pro- 
grammer. 
Interrupts: 
8-level, maskable, nested priority interrupt network 
initiated from front panel or user-selected devces. 
Direct Memory Access (DMA): 
Standard capability on MULTIBUS; implemented for 
user-selected DMA devices through optional DMA 
module — maximum transfer rate of 2 MHz. 
Memory Access Time: 
RAM: 585 ns 
PROM: 450 ns 


Diskette System Capacity: 250K bytes (Formatted) 


Diskette Performance: 
Diskette System Transfer Rate: 160K bits/sec. 


Diskette System Access Time: 
Track-to-Track: 10 ms 
Average Random Positioning: 260 ms 
Rotational Speed: 360 rpm 
Average Rotational Latency: 83 ms 
Recording Mode: FM 


MODEL 220 


EQUIPMENT SUPPLIED 


Model 220 Chassis Installation and Service Guide (9800559) 
Integrated Processor Board (IPB) ISIS-Il System User’s Guide (9800306) 
I/O Controller Board (lOC) Hardware Reference Manual (9800556) 
CRT and Keyboard Hardware Interface Manual (9800555) 
250K-byte Floppy Disk Drive 8080/8085 Assembly Language Programming 
ROM Resident System Monitor Manual (9800301) 
ISIS-II System Diskette with MCS-80/MCS-85 ISIS-I1 8080/8085 Assembler Operator’s Manual 
Macro Assembler (9800692) 
A Guide to Microcomputer Development Systems Monitor Source Listing (9800605) 
(9800558) Schematic Drawings (9800554) 


ORDERING INFORMATION 


PRODUCT CODE DESCRIPTION 


MDS-220 Intellec Series Il Model 220 
Microcomputer Development 
System (110V/60 Hz) 


MDS-221 Intellec Series Il Model 220 
Microcomputer Development 
System (220V/50 Hz) 
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intel MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTELLEC SERIES II 


MODEL 230 
INTELLEC® SERIES Il 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Complete Microcomputer Development Center Powerful ISIS-Il Diskette Operating System Soft- 
for Intel MCS-80™, MCS-85™ and MCS-48™ ware with Relocating Macro Assembler, Linker 
microprocessor families and Locater 


Integral CRT with detachable upper/lower case Self-Test” Diagnostic capability 


“typewriter-style © full ASCII keyboard Standard MULTIBUS™ with multiprocessor and 


DMA capability 
64K bytes RAM memory 

Eight-level nested, maskable priority interrupt sys- 
1 million bytes (expandable to 2.5M bytes) of disk- tem 


ette storage 
Compatible with standard Intellec/iSBC Expan- 


LSI electronics board with CPU, RAM, ROM, I/O sion Modules 


a a Software compatible with previous Intellec Sys- 


Sia Pe ' tems 
Built-in interfaces for High-Speed Paper Tape 


Reader/Punch, Printer and Universal PROM Pro- Supports PL/M and FORTRAN high level 
grammer languages 


The Intellec Series Il Model 230 Microcomputer Development System is a complete center for the development of 
microcomputer-based products. It includes a CPU, 64K bytes of RAM, 4K bytes of ROM memory, a 2000-character CRT, 
detachable full ASCII keyboard and dual double-density diskette drives providing over 1 million bytes of on-line data 
storage. 


Powerful ISIS-Il Diskette Operating System software allows the Model 230 to be used quickly and efficiently for 
assembly and/or compilation and debugging of programs for Intel’s MCS-80, MCS-85 or MCS-48 microprocessor 
families without the need for handling paper tape. ISIS-II performs all file handling operations for the user, leaving him 
free to concentrate on the details of his own application. When used in conjunction with an optional in-circuit 
emulator (ice™) module, the Model 230 provides all the hardware and software development tools necessary for the 
rapid development of a microcomputer-based product. 
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MODEL 230 


MODEL 230 HARDWARE DESCRIPTION 


The Intellec Series Il Model 230 is a packaged, highly in- 
tegrated microcomputer development system consist- 
ing of aCRT chassis with 6-slot cardcage, power supply, 
fans, cables, and five printed circuit cards. A separate, 
full ASCII keyboard is connected with a cable. A second 
chassis contains two floppy disk drives capable of 
double-density operation along with a separate power 
supply, fans and cables for connection to the main 
chassis. 


The master CPU card contains its own microprocessor, 
memory, I/O, interrupt and bus interface circuitry fash- 
ioned from Intel’s high technology LSI components. 
Known as the integrated processor board (IPB), it occu- 
pies the first slot in the cardcage. A second slave CPU 
card is responsible for all remaining I/O control includ- 
ing the CRT and keyboard interface. This card, mounted 
on the rear panel, also contains its own microprocessor, 
RAM and ROM memory, and 1/O interface logic, thus, in 
effect, creating a dual processor environment. Known 
as the I/O controller (IOC), the slave CPU card com- 
municates with the IPB over an 8-bit bidirectional data 
bus. In addition, 32K bytes of RAM (bringing the total to 
64K bytes) is located on a separate card in the main 
cardcage. Fabricated from Intel’s 16K RAMs, the board 
also contains all necessary address decoding and 
refresh logic. Two additional boards in the cardcage are 
used to control the two double-density floppy disk 
drives. Two remaining slots in the cardcage are 
available for system expansion. Additional expansion of 
4 slots can be achieved through the addition of an In- 
tellec Series Il Expansion Chassis. 


The heart of the IPB is an Intel NMOS 8-bit microproces- 
sor, the 8080A-2, running at 2.6 MHz. 32K bytes of RAM 
memory are provided on the board using Intel 16K 
RAMs. 4K of ROM is provided, preprogrammed with 
system bootstrap, ‘self-test’ diagnostics and the 
Intellec Series Il System Monitor. The 8-level vectored 
priority interrupt system allows interrupts to be in- 
dividually masked. Using Intel’s versatile 8259 Interrupt 
Controller, the interrupt system may be user pro- 
grammed to respond to individual needs. 


The I/O subsystem in the Model 230 consists of two 
parts: the IOC card and two serial channels on the IPB 
itself. Each serial channel is RS232 compatible and is 
capable of running asynchronously from 110 to 9600 
baud or synchronously from 150 to 56K baud. Both may 
be connected to a user-defined data set or terminal. One 
channel contains current loop adapters. Both channels 
are implemented using Intel’s 8251 USART. They can be 
programmatically selected to perform a variety of I/O 
functions. Baud rate selection is accomplished pro- 
grammatically through an Intel 8253 Interval Timer. The 
8253 also serves as a real-time clock for the entire sys- 
tem. I/O activity through both serial channels is signaled 
to the system through a second 8259 interrupt con- 
troller, operating in a polled mode nested to the primary 
8259. 


The remainder of system I/O activity takes place in the 
IOC. The I|OC provides interface for the CRT, keyboard, 
and standard Intellec peripherals including printer, high- 


speed paper tape reader/punch and Universal PROM 
Programmer. The |OC contains its own independent 
microprocessor, also an 8080A-2. The CPU controls all 
I/O operations as well as supervising communications 
with the IPB. 8K bytes of ROM contain all I/O control 
firmware. 8K bytes of RAM are used for CRT screen 
refresh storage. These do not occupy space in Intellec 
Series Il main memory since the IOC is a totally inde- 
pendent microcomputer subsystem. 


The CRT is a 12-inch raster scan type monitor with a 
50/60 Hz vertical scan rate and 15.5 KHz horizontal scan 
rate. Controls are provided for brightness and contrast 
adjustments. The interface to the CRT is provided 
through an Intel 8275 Single Chip Programmable CRT 
Controller. The master processor on the IPB transfers a 
character for display to the |OC, where it is stored in 
RAM. The CRT controller reads a line at a time into its 
line buffer through an Intel 8257 DMA Controller and 
then feeds one character at a time to the character 
generator to produce the video signal. Timing for the 
CRT control is provided by an Intel 8253 Interval Timer. 
The screen display is formatted as 25 rows of 80 charac- 
ters. The full set of ASCII characters are displayed, in- 
cluding lower case alphas. 


The keyboard interfaces directly to the 1|OC processor 
via an 8-bit data bus. The keyboard contains an Intel 
UPI-41 Universal Peripheral Interface which scans the 
keyboard, encodes the characters and buffers the 
characters to provide N-key rollover. The keyboard itself 
is a high quality typewriter style keyboard containing 
the full ASCII character set. An upper/lower case switch 
allows the system to be used for document preparation. 
Cursor control keys are also provided. 


A UPI-41 Universal Peripheral Interface on the IOC board 
performs similar functions to the UPI-41 on the PIO 
board in the Model 210. It provides interface for other 
standard Intellec peripherals including: 


Printer 

High-Speed Paper Tape Reader 
High-Speed Paper Tape Punch 
Universal PROM Programmer 


Communication between the IPB and IOC is maintained 
over a separate 8-bit bidirectional data bus. Connectors 
for the 4 devices named above, as well as the two Serial 
channels, are mounted directly on the IOC itself. 


User control is maintained through a front panel, 
consisting of a power switch and indicator, reset/boot 
switch, run/halt light and 8 interrupt switches and 
indicators. The front panel circuit board is attached 
directly to the IPB, allowing the 8 interrupt switches to 
connect to the primary 8259, as well as the Intellec 
Series II Bus. 


The Intellec Series Il double-density diskette system 
provides direct access bulk storage, intelligent con- 
troller, and two diskette drives. Each drive provides 1/2 
million bytes of storage with a data transfer rate of 
500,000 bits/second. The controller is implemented with 
Intel’s powerful Series 3000 Bipolar Microcomputer Set. 
The controller provides an interface to the Intellec 
Series Il system bus, as well as supporting up to four 
diskette drives. The diskette system records all data in 
soft sector format. 
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MODEL 230 


The diskette controller consists of two boards, the 
Channel Board and the Interface Board. These two PC 
boards reside in the Intellec Series Il system chassis 
and constitute the diskette controller. 


The Channel Board receives, decodes and responds to 
channel commands from the 8080A-2 CPU in the Model 
230. The Interface Board provides the diskette con- 
troller with a means of communication with the diskette 
drives and with the Intellec system bus. The Interface 
Board validates data during reads using a cyclic redun- 
dancy check (CRC) polynomial and generates CRC data 
during write operations. When the diskette controller 
requires access to Intellec system memory, the Inter- 
face Board requests and maintains DMA master control 
of the system bus, and generates the appropriate 
memory command. The Interface Board also acknowl- 
edges I/O commands as required by the Intellec bus. 


SPECIFICATIONS 
PHYSICAL 
Dimensions: 19.13” (48.59 cm) deep x 17.37” (44.12 


cm) wide x 15.81” (40.16 cm) high 


Weight: 73 Ib (33 Kg) 
Keyboard: 9” (22.86 cm) deep x 17.37” (44.12 cm) 
wide x 3.0” (7.62 cm) high 

Weight: 6 Ib (3 Kg) 

Dual Drive 19.0” (48.26 cm) deep x 16.88” (42.88 
Chassis: cm) wide x 12.08” (30.68 cm) high 

Weight: 64 Ib (29 Kg) 

ELECTRICAL 


DC Power Supply: 


Volts Amps Typical 
Supplied Supplied System Requirements 


+12 +5% 


—12 +5% 
-10 +5% 
+15 +5% 
+24 +5% 
*Not available on bus. 


AC Requirements: 50/60 Hz, 115/230 VAC 


ENVIRONMENTAL 
Operating Temperature: 0° to 35°C (95°F) 


HOST PROCESSOR (IPB) 
RAM: 64K (System Monitor occupies 62K through 64k). 
ROM: 4K (2K in monitor, 2K in boot/diagnostic). 


Diskette System Capacity (Basic Two Drives): 
Unformatted 
Per Disk: 6.2 megabits 
Per Track: 82.0 kilobits 
Formatted 
Per Disk: 4.1 megabits 
Per Track: 53.2 kilobits 
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The diskette system is capable of performing seven 
different operations: recalibrate, seek, format track, 
write data, write deleted data, read data, and verify CRC. 


In addition to supporting a second set of double-density 
drives, the diskette controller may co-reside with the 
Intel single density controller to allow up to 2.5 million 
bytes of on-line storage. 


All Intellec Series Il models implement the industry 
standard MULTIBUS. It enables several bus masters 
such as CPU and DMA devices to share the bus and 
memory by operating at different priority levels. Resolu- 
tion of bus exchanges is synchronized by a bus clock 
signal which is derived independently from processor 
clocks. Read/write transfers may take place at rates up 
to 5 MHz. The bus structure is suitable for use with any 
Intel microcomputer family. 


Diskette Performance: 
Diskette System Transfer Rate: 500 kilobits/sec 
Diskette System Access Time 
Track-to-Track: 10 ms 
Head Settling Time: 10 ms 
Average Random Positioning Time: 260 ms 
Rotational Speed: 360 rpm 
Average Rotational Latency: 83 ms 
Recording Mode: M*FM 


EQUIPMENT SUPPLIED 


Model 230 Chassis 

Integrated Processor Board (IPB) 

I/O Controller Board (lOC) 

32K RAM Board 

CRT and Keyboard 

Double-Density Floppy Disk Controller (2 boards) 
Dual-Drive Floppy Disk Chassis and Cables 

2 Floppy Disk Drives (512K byte capacity each) 
ROM-Resident System Monitor 

ISIS-Il System Diskette with MCS-80/MCS-85 Macro 


ssem 


A Guide to Microcomputer Development Systems 
(9800558) 

Installation and Service Guide (9800550) 

ISIS-Il System User’s Guide (9800306) 

Hardware Reference Manual (9800556) 

Hardware Interface Manual (9800555) 

8080/8085 Assembly Language Programming 
Manual (9800301) 

ISIS-!I1 8080/8085 Assembler Operator’s 
Manual (9800292) 

Monitor Source Listing (9800605) 

Schematic Drawings (9800554) 


ORDERING INFORMATION 


PRODUCT CODE DESCRIPTION 


MDS-230 Intellec Series Il Model 230 
Microcomputer Development 
System (110V/60 Hz) 

MDS-231 Intellec Series Il Model 230 


Microcomputer Development 
System (220V/50 Hz) 


Intel MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTELLEC SERIES II 


EXPANSION CHASSIS 
INTELLEC® SERIES II 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Four expansion slots for Intellec Series II Systems Standard Intellec MULTIBUS™ with multiproc- 


essor and DMA capability 
Internal power supply 


Fits snugly beneath all Intellec Series II Units 
Compatible with standard Intellec/iSBC Expan- 


Cable connectable to main Intellec bus sion Modules 


The Intellec Series Il Expansion Chassis provides 4 expansion slots for use with Intellec Series Il Microcomputer 
Development Systems. With its own separate power supply, the expansion chassis may be fully loaded with any 
boards needed to expand a user’s Intellec Series Il System. With the addition of the expansion chassis, Intellec Series 
Il Models 220 and 230 contain a total of 10 slots, sufficient for any configuration Intellec Series Il system. 
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SUPPORT 


EXPANSION CHASSIS 


EXPANSION CHASSIS HARDWARE 
DESCRIPTION 


The Intellec Series Il Expansion Chassis is a compact 
chassis with 4-slot cardcage, power supply, fans and 
cable assemblies. It is designed to fit under any Intellec 


SPECIFICATIONS 


PHYSICAL 

Dimensions: 19.13” (48.59 cm) deep x 17.37” (44.12 
cm) wide x 4.81” (17.22 cm) high 

Weight: 42 |b (19 Kg) 

ELECTRICAL 


DC Power Supply: 


Volts Amps System 
Supplied Supplied Requirements 


+12 +5% 
—12 25% 
—10 +5% 


AC Requirements: 50-60 Hz, 115/230 VAC 


ORDERING INFORMATION 


PRODUCT CODE DESCRIPTION 


MDS-201 Intellec Series Il Expansion Chassis 
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Series Il System, connect directly to the system bus 
through an opening in the top of the chassis and provide 
additional slots for the system users. 


The power supply is linked directly to the main chassis 
power supply, allowing power to flow to both chassis 
when the main system power is turned on. 


ENVIRONMENTAL 
Operating Temperature: 0° to 35°C (95°F) 


EQUIPMENT SUPPLIED 


Expansion Chassis 

Cables 

Interconnect Diagram 

Schematic Drawings (9800554) 
Installation and Service Guide (9800550) 


intel MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTELLEC SERIES Il 


MODEL 210 ENHANCEMENT KIT 
INTELLEC® SERIES II 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Upgrades Model 210 System to Model 220 capabil- Converts Model 210 chassis to MDS-201 expan- 
ity sion chassis 

includes full Model 220 capability including inte- Eliminates the need to purchase an entire new 
gral CRT and floppy disk system as development requirements increase 


The Intellec® Series Il Microcomputer Development System Enhancement Kit provides an easy, cost-effective way to 
expand the capability of a Model 210 system to the Model 220 level. The package includes a Model 220 chassis without 
the integrated processor board. The user simply removes the IPB from his Model 210, inserts it into his Model 220 
chassis and is ready to go. The Model 210 chassis may then be used as an expansion chassis with the conversion kit 
provided in the upgrade package. 


ORDERING INFORMATION 


PRODUCT CODE DESCRIPTION 


MDS-217 Intellec Series Il Model 210 
Enhancement Kit (110V/60 Hz) 
MDS-218 Intellec Series Il Model 210 


Enhancement Kit (220V/50 Hz) 
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intel MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTELLEC SERIES II 


MODEL 770 PRINTER 
INTELLEC® SERIES II 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Low-cost, hard-copy printer for CRT-based 5 x 7 dot matrix character format 
systems 
Tractor feed (rear or bottom feed) 
Prints original plus 4 copies 
Line width adjustable from 80 to 132 columns on 


Prints 60 cps (21-90 lines per minute) 842" line 


The Model 770 Printer is a low-cost, hard-copy printer designed for use with CRT-based Intellec Series II and Intellec 
Microcomputer Development Systems. Unidirectional printing at 60 cps makes the Model 770 an ideal printer for the 
microcomputer-based system designers with small-to-medium printing requirements. The 82” line width may be 
filled with 80 to 132 characters by varying the character size. 


The printer uses standard fanfold paper through a tractor-feed mechanism to produce an original and up to four 
copies. Paper can be fed from the bottom or rear of the printer for versatility in any lab environment. 
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MODEL 770 PRINTER 


SPECIFICATIONS 


PRINTING METHOD 


Impact, character-by-character printing, one line charac- 
ter buffer. 


PRINTING RATE 
Characters: 60 characters per second. 


Full Lines: 21 @ 80 characters/line. 
90 @ 20 characters/line. 


TRANSMISSION RATE 
Parallel: Up to 75,000 characters per second. 


CHARACTER STRUCTURE 
5x7 dot matrix, 10 point type equivalent. 


CODE 
USASCII: 64 characters printed. 


SWITCH CONTROLS 
On-Off 


INDICATORS 
Paper Out 


FORMAT 

80 to 132 characters per line, variable. 

10 to 165 characters per inch, operator adjustable. 
6 lines per inch. 


ORDERING INFORMATION 
PRODUCT CODE DESCRIPTION 


MDS-770 60 CPS Printer (110V/60 Hz) 
MDS-771 60 CPS Printer (220V/50 Hz) 


PAPER FEED 
Tractor Feed: 5.5 ips slew. 


PAPER 
Standard sprocketed paper, 82” to 9%” paper width. 


NUMBER OF COPIES 
Original plus up to four carbon copies. 


DIMENSIONS 

18” (45.7 cm) deep x 24.5” (62.2 cm) wide x 7” (17.8. cm) 
high 

WEIGHT 

60 Ib (27 Kg) 


ELECTRICAL REQUIREMENTS 
50-60 Hz, 110/230 VAC + 10% 


TEMPERATURE 
Operating: —40° to 100°F (5° to 40°C). 
Storage: -—40° to 160°F (- 40° to 50°C). 


HUMIDITY 
Operating: 5% to 90% (no condensation). 
Storage: 0% to 95% (no condensation). 
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intel MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTELLEC SERIES Il 


SYSTEM MONITOR 
INTELLEC® SERIES II 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Rom resident Bootstrap logic for all Intellec Series Il Systems 
I/O Interface Software Drivers for Self-Test Diagnostic for Intellec CPU and RAM 
e@ TTY memory 
@ CRT 
@ High-Speed Paper Tape Reader Occupies only 2K bytes of Intellec memory ad- 
@ High-Speed Paper Tape Punch dress space 
@ Line/Character Printer 
@ Universal PROM Programmer Full Debug capability for Intellec resident pro- 


gram development 
Expandable I/O system allows easy inclusion of 
user-supplied device drivers Commands for paper tape oriented system I/O 


The Intellec Series Il System Monitor is an 8080A program which provides basic control functions for all Intellec Series 
ll Systems. These include bootstrap logic, system diagnostics, the I/O system, user interface logic for non-disk-based 
systems and complete debug and paper tape I/O commands. 
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SYSTEM MONITOR 


The system monitor occupies 4K bytes of 8080A 
memory, although it only uses 2K bytes of Intellec 
Series Il memory space. The remaining 2K bytes of 
memory contain bootstrap and diagnostic code and are 
“shadowed” (executed only upon system reset and then 
disabled in favor of RAM memory present at the same 
locations). 


Upon system reset, the hardware enables the 2K code 
segment containing bootstrap and diagnostic logic, and 
forces a jump to the starting location. The bootstrap 
then determines if a diskette drive is present and ready, 
and transfers control either to the system monitor or 
ISIS-I| diskette operating system. The bootstrap and 
diagnostic code segment is then disabled and removed 
from 8080A memory space. 


The monitor accepts and executes user commands. 
These commands include: 


e@ read paper tape into memory 

punch memory to paper tape 

execute programs in memory with breakpoints 
display/modify memory and CPU registers 

fill memory with a constant 

hexadecimal arithmetic 

execute user diagnostics 


Together these commands provide powerful program 
loading and debug facilities for the non-disk-based user. 


The monitor also provides a comprehensive I/O system, 
including drivers for all standard Intellec Series Il 
devices, as well as linkage mechanism for easy inclu- 
sion of non-standard I/O devices. The monitor 
recognizes 4 logical I/O devices — a reader device, 
punch device, console device and list device. 


Each logical device may be assigned to any one of 4 
physical I/O devices by means of a monitor command. 
Device drivers are provided for each standard Intellec 
peripheral which may be selected by user command. 
Non-standard devices may be used by “linking” drivers 
through known absolute memory locations. The system 
is designed to operate, at a minimum, with a TTY as its 
sole I/O device. 
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INTELLEC SERIES Il 


ROM EDITOR/ ASSEMBLER 
INTELLEC® SERIES Il 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Reduces or eliminates paper tape handling for Editor provides powerful text entry and correction 


int | MICROCOMPUTER DEVELOPMENT SYSTEMS 


Model 210 users commands including String Search and Substitu- 
Available in both MCS-80/MCS-85™ and MCS: — 
48™ family versions Assemblers accept standard Intel Assembly 


Provides total RAM-based program development  ‘anguage subset 


capability for small programs 
Assemblers produce absolute code for immediate 


Assemblers offer optional cross reference listing execution or PROM programming 


The ROM-based Editor/Assemblers for the Intellec Series Il Model 210 Microcomputer Development System provide a 
rapid, efficient means of software development on Model 210 Systems by minimizing the handling of paper tape. The 
editor and assemblers may be invoked instantaneously by monitor command. Source code entered into the editor is 
stored in available RAM memory for easy modification. When editing is complete, the assemblers will assemble direct- 
ly from RAM as long as source’code size, symbol table size or object code size do not exceed available RAM storage. If 
they do, source code may be punched to paper tape and then re-read by the assembler. Object code produced by the 
assembler may be left in RAM memory for immediate execution or burned into an erasable PROM for execution in your 
prototype system. An optional, paper tape-based, cross reference program is provided to list the line numbers on 
which each symbol is referenced. 

The ROM Editor/Assemblers are each provided on a printed circuit card designed to plug directly into the Intellec Series 
Il’s integrated processor board. Thus they do not use a slot in the system cardcage. The assembler/editor occupies 20K 
bytes of memory space, immediately below the monitor, starting at location B800 hexadecimal. All remaining memory 
space is available for RAM memory. 


ORDERING INFORMATION 


PRODUCT CODE DESCRIPTION PRODUCT CODE DESCRIPTION 
ROM Editor/Assembler for MCS-80/ MDS-R48 ROM Editor/Assembler for MCS-48 
MCS-85 (Standard with Intellec Family of Microprocessors 


Series || Model 210) 
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: ° MICROCOMPUTER DEVELOPMENT SYSTEMS 
In ss. INTELLEC SERIES II 


DISKETTE OPERATING SYSTEM 
MICROCOMPUTER DEVELOPMENT SYSTEM 


Supports up to four double density drives and two Command file facility allows console commands 


single density drives, providing up to 2.5 Mega- to be submitted from a diskette file 

bytes of storage in one system with up to 200 files 

per diskette Diskette system text editor provides string 
Supports resident, high level programming lan- Sen nigennans, ane ‘eeiion 
guages, PL/M and FORTRAN 

Relocating MCS-80/MCS-85™ macro assembler Diskette operating system functions are callable 
contains extended macro and conditional from user programs 


assembly capability 
Access to all Intellec® monitor facilities provided 
Linker automatically combines separately as- 
sembled or compiled programs into a single 


relocatable module Dynamic allocation and de-allocation of diskette 


sectors for variable length files 


Library Manager™ creates and updates program 
libraries Supports all standard Intellec® peripherals 


The ISIS-Il Diskette Operating System is a sophisticated, general purpose, high-speed data handler and file manipula- 
tion system. It provides the ability to edit, assemble, compile, link, relocate, execute and debug programs, and per- 
forms all file management tasks for the user. 


The ISIS-II operating system resides on the system diskette and supports a broad range of user-oriented design aid 
software. Total file management and input editing features greatly reduce software development time. The ISIS-II 
Relocating Macro Assembler, Linker, Object Locator and Library Manager can be loaded from the diskette in seconds. 
All passes of the assembler can be executed without the need for user intervention. Object code and listings may be 
directed to any output device, or stored as diskette files. 


Powerful system console commands are provided in an easy-to-use context. Monitor mode can be entered by a special 
prefix to any system command or program call. 
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ISIS-I| DISKETTE OPERATING SYSTEM 


eee 


ISIS-il FILES 


A file is a user-defined collection of information of 
variable length. ISIS-II also treats each of the standard 
Intellec® system peripherals as files through pre- 
assignment of unique file names to each device. In this 
manner data can be copied from one device to another 
(i.e., tape reader to tape punch) using the same 
command required to copy one diskette data file to 
another. ISIS-Il provides automatic implementation of 
random access disk files. Each file is identified by a 
user-chosen name unique on its diskette. Up to 200 files 
may be stored on each diskette. 


ISIS-I| SYSTEM COMMANDS 


ISIS-Il system commands are designed to provide the 
user with a powerful, easy-to-use program and file 
manipulation capability. Several commands have the 
capability of operating on several files at once via the 
wildcard file-naming convention. As an example, the 
command “DELETE *.OBJ” deletes all files in the 
diskette directory with the suffix ‘“.OBJ”’. 


IDISK Initializes a diskette for use by the 


system. Requires only one disk drive. 


ATTRIB Assigns specified attributes to a file, 


such as write-protect. 


COPY Creates copies of existing diskette files 
or transfers files from one device to 


another. 


DELETE Removes a file from the diskette, thereby 


freeing space for allocation of other files. 


DIR Lists name, size and attributes of files 


from a specified diskette directory. 


RENAME. Allows diskette files to be renamed. 


FORMAT Initializes a diskette for use by the 


system. (Use with two or more drives.) 


DEBUG from a 


Loads a specified program 
diskette into memory and then transfers 
control to the Intellec monitor for execu- 
tion and or debugging. 


SUBMIT Provides the capability to execute a 
series of ISIS-Il commands which have 


been previously written to a diskette file. 


ISIS-I] SYSTEM CALL CAPABILITY 


The DELETE, RENAME and ATTRIB system commands, 
along with a set of file I/O routines, are callable from 
user-written programs. This allows the user to open, 
close, read and write diskette files, access standard 
peripheral devices, write error messages and load other 
programs via simple program call statements. 
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ISIS-II TEXT EDITOR 


The ISIS-Il Text Editor is a comprehensive tool for the 
entry and correction of assembly language, PL/M and 
FORTRAN programs for Intel® microcomputers. Its 
command set allows manipulation of either entire lines 
of text or individual characters within a line. 


Programs may be entered from the console keyboard or 
may be loaded directly. Text is stored internally in the 
editor's workspace, and may be edited with the follow- 
ing commands: 


e string insertion or deletion 
e string search 
e string substitution 


To facilitate the use of these editing commands, utility 
commands are used to change positions in the 
workspace. These include: 


e move pointer by line or by character 
¢ move pointer to start of workspace 
e move pointer to end of workspace 


The contents of the workspace are stored on diskette 
and can be immediately accessed by ISIS-Il commands 
or other programs, such as the ISIS-I| MCS-80/MCS-85 
Macro Assembler. 


ISIS-I| MCS-80/MCS-85 RELOCATING 
MACRO ASSEMBLER 


The ISIS-Il MCS-80/MCS-85 Macro Assembler translates 
assembly language mnemonics into relocatable and/or 
absolute object code modules. In addition to elimi- 
nating the errors of hand translation, the ability to refer 
to program addresses with symbolic names makes it 
easy to modify programs by adding or deleting instruc- 
tions. Extended macro capability eliminates the need to 
rewrite similar sections of code repeatedly and simpli- 
fies program documentation. Conditional assembly per- 
mits the assembler to include or delete sections of code 
which may vary from system to system, such as the 
code required to handle optional external devices. 


In addition, the user is allowed complete freedom in 
assigning the location of code, data and stack seg- 
ments. 


The ISIS-Il| Assembler accepts diskette file input and 
produces a relocatable object file with corresponding 
symbol table and assembly listing file, including any 
error messages. A cross reference listing is also option- 
ally produced. The list file may then be examined from 
the system console or copied to a specified list device. 


The relocatable object file generated by the assembler 
may be combined with other object programs residing 
on the diskette to form a single relocatable object mod- 
ule or it can be converted to an absolute form for subse- 
quent loading and execution. 


ISIS-I| DISKETTE OPERATING SYSTEM 


ISIS-I] LINKER 


The ISIS-I| LINKER provides the capability to combine 
the outputs of several independently compiled or 
assembled object modules (files) into a single relocat- 
able object module. The LINKER automatically resolves 
all external program and data references during the link- 
ing process. 


Object modules produced from previous link operations 
may be easily linked to a new module. ISIS-II also pro- 
vides facilities to ease the generation of overlays. 


An optional link map showing the contents and lengths 
of each segment in the output module can be requested. 
All unsatisfied external references are also listed. 


If requested by the user, the ISIS-II LINKER can search a 
specified set of program libraries for routines to be in- 
cluded in the output module. 


ISIS-Il OBJECT LOCATOR 


The ISIS-Il| LOCATE program takes output from either 
the resident FORTRAN or PL/M compilers, the macro 


assembler or the LINKER and transforms that output 
from a relocatable format to an absolute format which 
may then be loaded via the standard ISIS-II loader, or 
loaded into the appropriate In-Circuit Emulator (ICE) 
module. 


During the LOCATE process, code, data and stack seg- 
ments can be separately relocated, allowing code to be 
put in areas to be subsequently specified as ROM, while 
data and the stack can be directed to RAM addresses. 


A LOCATE map showing absolute addresses for each 
code and data segment and a symbol table dump listing 
symbols, attributes and absolute address can also be re- 
quested. 


ISIS-Il LIBRARY MANAGER 


The ISIS-I| LIBRARY MANAGER program provides for 
the creation and maintenance of a program library con- 
taining Intel-provided and user-written programs and 
subroutines. These library routines can be linked to a 
program using the ISIS-Il LINKER. Several libraries, 
each containing its own set of routines, can be created. 
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intel MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTELLEC SERIES Il 


PL/M-80 
HIGH LEVEL PROGRAMMING LANGUAGE 
INTELLEC® RESIDENT COMPILER 


Cuts software development and maintenance Produces relocatable and linkable object code 

costs 

Speeds project completion Resident operation on Intellec® Microcomputer 
Development System and _ Intellec® Series Il 

improves product reliability Microcomputer Development Systems 

Eases enhancements as system capabilities ex- Sophisticated code optimization reduces applica- 

pand tion memory requirements 


PL/M-80 is an advanced, high-level programming language for Intel® 8080 and 8085 Microprocessors, iSBC-80 OEM 
Computer Systems and Intellec® Microcomputer Development Systems. PL/M has been substantially enhanced since 
its introduction in 1973 and has become one of the most effective and powerful microprocessor systems implementa- 
tion tools available. It is easy to learn, facilitates rapid program development and debugging, and significantly reduces 
maintenance costs. 


PL/M is a powerful, high-level algorithmic language in which program statements can naturally express the algorithm 
to be programmed. This frees programmers to concentrate on their system development without having to deal with 
assembly language details (such as register allocation, meanings of assembler mnemonics, etc.). 


The PL/M compiler efficiently converts free-form PL/M programs into equivalent 8080/8085 instructions. Substantially 
fewer PL/M statements are necessary for a given application than if it were programmed at the assembly language or 
machine code level. 


Since PL/M programs are problem oriented and more compact, programming in PL/M results in a high degree of pro- 
ductivity during development efforts. This translates into significant reductions in software development and mainte- 
nance costs for the user. 
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PL/M-80 


FEATURES 


Major features of the Intel PL/M-80 Compiler and pro- 
gramming language include: 


Resident operation on the Intellec® Microcomputer 
Development System eliminates the need for a large 
in-house computer or costly timesharing system. 


Generation of relocatable and linkable object code 
permits PL/M programs to be developed and debug- 
ged in small modules. These modules can be easily 
linked with other modules and/or library routines to 
form a complete application. 


Extensive code optimization results in generation of 
short, efficient CPU instruction sequences. Major op- 
timizations include compile time arithmetic, con- 
stant subscript resolution, and common subexpres- 
sion elimination. 


The PL/M Compiler fully supports symbolic debug- 
ging with the ICE-80™ and ICE-85™ In-Circuit Emula- 
tors. 


Compile time options include general listing format 
commands, symbol table listing, cross reference 
listing, and “innerlist’” of generated assembly lan- 
guage instructions. 


Block structure aids in utilization of structured pro- 
gramming techniques. 


High level PL/M statements provide access to hard- 
ware resources (interrupt systems, absolute ad- 
dresses, CPU input/output ports). 


Complex data structures may be defined at a high 
level. 


Re-entrant procedures may be specified as a user op- 
tion. 


ISIS-II 
TEXT 
EDITOR 


FORTRAN-80 
COMPILER 


FORTRAN-80 
SOURCE 
PL/M-80 
SOURCE 


ASSEMBLY 
LANGUAGE 
SOURCE 


PLIM 
COMPILER 


EDITOR 


ISIS-II 
RELOCATING 
MACRO 


ISIS-H 
TEXT 


EDITOR ASSEMBLER 


RELOCATABLE 
OBJE 


MODULE 


BENEFITS 


PL/M is designed to be an efficient, cost-effective solu- 
tion to the special requirements of microcomputer soft- 


ware development as 


illustrated by the following 


benefits of PL/M use: 


RELOCATABLE 
OBJECT 


MODULE 


Low Learning effort — PL/M is very easy to learn even 
for the novice programmer. 


Earlier Project Completion — Critical projects are 
completed much earlier than otherwise possible 
because PL/M substantially increases programmer 
productivity. 


Lower Development Cost — Increases in program- 
mer productivity translate into lower software 
development costs because less programming 
resources are required for a given function. 


Increased Reliability — PL/M is designed to assist in 
the development of reliable software (PL/M programs 
are simple statements of the program algorithm). 
This substantially reduces the risk of costly correc- 
tion of errors in systems that have aleady reached full 
production status because a simply stated program 
is more likely to correctly perform its intended func- 
tion. 


Easier Enhancements and Maintenance — Programs 
written in PL/M are easier to read and easier to 
understand. This means it is easier to enhance and 
maintain PL/M programs as system capabilities ex- 
pand and future products are developed. 


Simpler Project Development — The _ Intellec® 
Microcomputer Development System, with resident 
PL/M-80, is all that is needed for development and 
debugging of software for 8080 and 8085 microcom- 
puters. This reduces development time and cost 
because expensive (and remote) timesharing or large 
computers are not required. 
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The PL/M Compiler is an efficient multiphase compiler that accepts source programs, translates them into object 
code, and produces requested listings. After compilation, the object program may be linked to other modules, located 
to aspecific area of memory, then executed. The diagram shown above illustrates a program development cycle where 
the program consists of three modules, one PL/M, one Fortran, and the other assembly language. 
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PL/M-80 COMPILER FACTORIAL GENERATOR — PROCEDURE 


SOBJECT(:F1:FACT.OB2) 


$DEBUG 
$XREF 
$TITLE( FACTORIAL GENERATOR — PROCEDURE’) 
$PAGEWIDTH(80) 
l FACT: 
DO; 
2 l DECLARE NUMCH BYTE PUBLIC; 
2 1 FACTORIAL: PROCEDURE (NUM,PTR) PUBLIC; 
4 2 DECLARE NUM BYTE, PTR ADDRESS; 
. 2 DECLARE DIGITS BASED PTR (161) BYTE; 
6 2 DECLARE (1I,C,M) BYTE; 
7 2 NUMCH=1; DIGITS(1 1; 
9 Z DO M= 1 TO NUM; 
10 3 C=0; 
1] 3 DO I = 1 TO NUMCH; 
12 4 DIGITS(I) = DIGITS(I) *M + C; 
13 4 C = DIGITS(I)/10; 
14 4 DIGITS(1) = DIGITS(I) — 10 * C; 
13 4 END; 
16 3 IF C<>0 THEN 
17 3 DO; 
18 4 NUMCH = NUMCH+1; DIGITS (NUMCH) = C; 
20 4 C = DIGITS(NUMCH)/10; 
21 + DIGITS(NUMCH) = DIGITS(NUMCH) — 10 * C; 
22 4 END 
END; 
24 2 END FACTORIAL; 
25 1 END; 
SPECIFICATIONS Documentation Package: 
PL/M Programming Manual 
Operating Environment: ISIS-I| PL/M-80 Compiler Operator's Manual 
Required hardware Shipping Media: 
Intellec® Microcomputer Development System Diskette 
65K bytes of memory 
Dual diskette drives 
= System console — teletype ORDERING INFORMATION 
oe Optional hardware PRODUCT CODE DESCRIPTION 
22 CRT as system console MDS-PLM High-Level Language Compiler 
Line printer Resident on Intellec System — 
Translates a Source Program written 
Required software in PL/M-80 into 8080/8085 Machine 
ISIS-Il Diskette Operating System Code 
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intel MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTELLEC SERIES Il 


FORTRAN-80 
8080/8085 ANS FORTRAN 77 
INTELLEC® RESIDENT COMPILER 


Meets and exceeds ANS FORTRAN 77 Subset Produces relocatable and linkable object code 

Language Specification compatible with resident PL/M-80 and 8080/8085 
Macro Assembler 

Supports Intel Floating Point Standard 


Resident operation on Intellec® Microcomputer Full FORTRAN 77 language I/O support when used 
Development System and Intellec® Series Il with ISIS-II run-time library 
Microcomputer Development System 


Supports full symbolic debugging with ICE- Sophisticated code optimization insures efficient 
80™and ICE-85™ program implementation 


FORTRAN-80 is a computer industry-standard, high-level programming language and compiler that translates FOR- 
TRAN statements into relocatable object modules. When the object modules are linked together and located into ab- 
solute program modules, they are suitable for execution on Intel® 8080/8085 Microprocessors, iSBC-80 OEM Computer 
Systems, and Intellec® Microcomputer Development Systems. FORTRAN-80 meets and exceeds the ANS FORTRAN 
77 Language Subset Specification’. The compiler operates on the Intellec Microcomputer Development System under 
the ISIS-I| Disk Operating Systems and produces efficient relocatable object modules that are compatible for linkage 
with PL/M-80 and 8080/8085 Macro Assembler modules. 

The ANS FORTRAN 77 language specification offers many powerful extensions to the FORTRAN language that are 
especially well suited to Intel® 8080/8085 Microprocessor software development. Because FORTRAN-80 conforms to 
the ANS FORTRAN 77 standard, the user is assured of compatibility with existing FORTRAN software that meets the 
standard as well as a guarantee of upward compatibility to other computer systems supporting an ANS FORTRAN 77 
Compiler. 


TANSI X3U3/90 
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FORTRAN-80 


FORTRAN-80 LANGUAGE FEATURES 


Major ANS FORTRAN 77 features supported by the 
Intel© FORTRAN-80 Programming Language include: 


Structured Programming is supported with the 
IF... THEN...ELSE IF...ELSE...END IF con- 
structs. 
CHARACTER data type permits alphanumeric data 
to be handled as strings rather than characters 
stored in array elements. 
Full /O capabilities include: 

— Sequential and Direct Access files 

— Error handling facilities 

— Formatted, Free-formatted, and Unformatted 

data representation 


— Internal (in-memory) file units provide ca- 
pability to format and reformat data in in- 
ternal memory buffers 


— List Directed Formatting 


e Supports arrays of up to seven dimensions. 


e Supports logical operators 


-EQV. — Logical equivalence 
.NEQV. — Logical nonequivalence 


Major extensions to FORTRAN 77 in Intel FORTRAN-80 
include: 


Direct 8080/8085 port I/O supported by intrinsic 
subroutines. 


Binary and Hexadecimal integer constants. 


User-defined INTEGER storage lengths of 1, 2 or 4 
bytes. 

User-defined LOGICAL storage lengths of 1,2 or 4 
bytes. 

REAL STORAGE lengths of 4 bytes. 

Bitwise Boolean operations using logical op- 
erators on integer values. 

Hollerith data constants. 

Implicit extension of the length of an integer or 
logical expression to the length of the left-hand 
side in an assignment statement. 


A format descriptor to suppress carriage return on 
a terminal output device at the end of the record. 


FORTRAN-80 COMPILER FEATURES 


Supports multiple compilation units in single 
source file. 


Optional Assembly Language code listing. 


Comprehensive cross-reference, symbol attribute 
and error listing. 


Compiler controls and directives are compatible 
with other Intel language translators. 


Optional Reentrancy. 

User-defined default storage lengths. 
Optional FORTRAN 66 Do Loop semantics. 
Source files may be prepared in free format. 


e The INCLUDE control permits specified source 
files to be combined into a compilation unit at 
compile time. 


FORTRAN-80 BENEFITS 


FORTRAN-80 provides a means of developing applica- 
tion software for Intel® MCS-80/85 products in a 
familiar, widely accepted, and computer industry- 
standardized programming language. FORTRAN-80 will 
greatly enhance the user’s ability to provide cost- 
effective solutions to software development for Intel 
microprocessors as illustrated by the following: 


¢ Completely Complementary to Existing Intel Soft- 
ware Design Tools — Object modules are linkable 
with new or existing Assembly Language and 
PL/M Modules. 


e /ncremental Runtime Library Support — Runtime 
overhead is limited only to facilities required by 
the program. 


e Low Learning Effort — FORTRAN-80, like PL/M, is 
easy to learn and use. Existing FORTRAN soft- 
ware can be ported to FORTRAN-80, and programs 
developed in FORTRAN-80 can be run on any other 
computer with ANS FORTRAN 77. 


e Earlier Project Completion — Critical projects are 
completed earlier than otherwise possible be- 
cause FORTRAN-80 will substantially increase 
programmer productivity, and is complementary to 
PL/M Modules by providing comprehensive arith- 
metic, I/O formatting, and data management sup- 
port in the language. 


¢ Lower Development Cost — Increases in program- 
mer productivity translates into lower software 
development costs because less programming 
resources are required for a given function. 


e Increased Reliability — The nature of high-level 
languages, including FORTRAN-80, is that they 
lend themselves to simple statements of the pro- 
gram algorithm. This substantially reduces the 
risk of costly errors in systems that have already 
reached production status. 


e Easier Enhancements and Maintenance — Like 
PL/M, program modules written in FORTRAN-80 
are easier to read and understand than assembly 
language. This means it is easier to enhance and 
maintain FORTRAN-80 programs as system capa- 
bilities expand and future products are developed. 


¢ Comprehensive, Yet Simple Project Development 
— The Intellec Microcomputer Development Sys- 
tem, with the 8080/8085 Macro Assembler, PL/M-80 
and FORTRAN-80 is the most comprehensive soft- 
ware design facility available for the Intel 
MCS-80/85 Microprocessor family. This reduces 
development time and cost because expensive 
(and remote) timesharing or large computers are 
not required. 
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SAMPLE FORTRAN-80 SOURCE PROGRAM 
LISTING 


ao 


aon UW 
— 


THIS PROGRAM IS AN EXAMPLE OF ISIS-II FORTRAN-80 THAT 
CONVERTS TEMPERATURE BETWEEN CELCIUS AND FARENHEIT 


PROGRAM CONVRT 
CHARACTER*1 CHOICE,SCALE 
PRINT 1 
FORMAT (' TEMPERATURE CONVERSION PROGRAM',//, 
*' TYPE C FOR FARENHEIT TO CELCIUS OR',/, 
*' F FOR CELCIUS TO FARENHEIT',//) 
PRINT 2 
FORMAT (/,' CONVERSION? ',$) 
READ (5,3) SCALE 
FORMAT (A1) 
IF (SCALE.EQ.'C') THEN 
PRINT 4 
FORMAT (/,' ENTER DEGREES FARENHEIT? ',$) 
READ (5,*) DEGF 
DEGC=5./9.*DEGF-32. 
WRITE (6,5) DEGF,DEGC 
FORMAT (/,F7.2,' DEGREES FARENHEIT 
PRINT 6 
FORMAT (/,' AGAIN (Y OR N)? ',$) 
READ (5,3) CHOICE 
IF (CHOICE.EQ.'Y') THEN 
GOTO 10 
ELSE IF (CHOICE.EQ.'N') THEN 
CALL EXIT 


',F7.2,' DEGHEES CELCIUS'’ ,7) 


ELSE 
GOTO 11 
END IF 
ELSE IF (SCALE.EQ.'F!') THEN 
PRINT 7 
FORMAT (/,' ENTER DEGREES CELCIUS? ',$) 
READ (5,*) DEGC 
DEGF=9./5.*DEGC+32. 
WRITE(6,8) DEGC,DEGF 
FORMAT (/,F7.2,' DEGREES CELCIUS = ',F7.2,' DEGREES FARENHEIT',/) 
GOTO 11 
ELSE 
WRITE (6,9) SCALE 
FORMAT (/,1H ,A1,' NOT A VALID CHOICE - RETRY!',/) 
GOTO 10 
END IF 
END 
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FORTRAN-80 


The FORTRAN-80 Compiler is an efficient, multiphase compiler that accepts source programs, translates them into 
relocatable object code, and produces requested listings. After compilation, the object program may be linked to other 
modules, located to a specific area of memory, then executed. The diagram shown below illustrates a program 
development cycle where the program consists of modules created by FORTRAN-80, PL/M-80 and the 8080/8085 Macro 


Assembler. 
ISIS-1I FORTRAN-80 RELOCATABLE PROGRAM 
TEXT SOURCE OBJECT LIBRARIES 
EDITOR MODULE \ 
| = 
v 
ISIS-II RELOCATABLE \ H 
TEXT eae Same OBJECT ~ “| LOCATE ad 
EDITOR MODULE 
4 
$$ p> 


ISIS-II 
cia LOADER 


FORTRAN-80 
COMPILER 


DEBUG 


VIA 
MONITOR 


OPTIONAL 
ICE-80™ 
ICE-85™ 

IN-CIRCUIT 

EMULATOR 


TEXT LANGUAGE —— > OBJECT | 
EDITOR SOURCE MODULE | 
: 
PROGRAMMER 
SPECIFICATIONS DOCUMENTATION PACKAGE 
FORTRAN-80 Programming Manual (9800481) 
OPERATING ENVIRONMENT ISIS-II FORTRAN-80 Compiler Operator's Manual 
Required Hardware: (9800480) 
Te ee ee Development System FORTRAN-80 Programming Reference Card (9800547) 
— Series Il Model 220, Model 230 SHIPPING MEDIA 
64K bytes of RAM memory Flexible Diskettes 
Dual diskette drives — Single and Double Density 


— Single or Double Density 
System console 
— CRT or hardcopy interactive device 
Optional Hardware: 
Line Printer 
ICE-80™, ICE-85™ 
Required Software: 


ISIS-I| Diskette Operating System 
— Single or Double Density 


ORDERING INFORMATION 


PRODUCT CODE DESCRIPTION 


MDS-301 FORTRAN-80 Compiler for Intellec 
Microcomputer Development 
Systems 
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Intel MICROCOMPUTER DEVELOPMENT SYSTEMS 
INTELLEC SERIES Il 


MCS-48™ 
DISKETTE-BASED SOFTWARE 
SUPPORT PACKAGE 


Extends Intellec® Microcomputer Development MCS-48 Assembler provides conditional assem- 
System to support mcs.-48"™ development bly and macro capability 


Takes advantage of powerful ISIS-II file handling 
and storage capabilities 


The MCS-48™ Diskette-based Software Support Package (MDS-D48) comes on an Intel® ISIS-II System Diskette and 
contains the MCS-48 Assembler (ASM48), and the diskette version of the Universal PROM Mapper. 


The MCS-48 Assembler (ASM48) translates symbolic 8048 assembly language instructions into the appropriate 
machine operation codes. In addition to eliminating the errors of hand translation, the ability to refer to program ad- 
dresses with symbolic names makes it easier to modify programs when adding or deleting instructions. Conditional 
assembly permits the programmer to specify portions of the master source document which should be included or 
deleted in variations on a basic system design, such as the code required to handle optional external devices. 


Macro capability allows the programmer to define a routine through the use of a single label. ASM48 will assemble the 
code required by the reserved routine whenever the Macro label is inserted in the text. 


Output from the ASM48 is in standard Intel® Hex format. It may be loaded directly to an ICE-48 module for integrated 
hardware/software debugging. It may also be loaded into the Intellec Development System for 8748 PROM programm- 
ing using the Universal PROM Programmer. 
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MCS-48'™” DISKETTE-BASED SOFTWARE SUPPORT PACKAGE 


SAMPLE MCS-48'™™ DISKETTE-BASED ASSEMBLEY LISTING 


ISIS-11 8048 MACRO ASSEMBLER, V1.0 PAGE 1 
LOC OBJ SEQ SOURCE STATEMENT 
1 ;DECIMAL ADDITION ROUTINE. ADD BCD NUMBER 
2 ;AT LOCATION ‘BETA’ TO BCD NUMBER AT ‘ALPHA’ WITH 
3 ; RESULT IN ‘ALPHA.’ LENGTH OF NUMBER IS ‘COUNT’ DIGIT 
4 ;PAIRS. (ASSUME BOTH BETA AND ALPHA ARE SAME LENGTH 
5 ;AND HAVE EVEN NUMBER OF DIGITS OR MSD ISO IF 
6 ;ODD) 
7 INIT MACRO AUGND,ADDND,CNT 
8 MOV RO, #AUGND 
9 LI: MOV R1, #ADDND 
10 MOV R2, #CNT 
11 ENDM 
ae 
OOO1E 13. ALPHA EQU 30 
0028 14 BETA EQU 40 
0032 15 COUNT EQU 5 
0100 16 ORG 100H 
12 INIT ALPHA, BETA, COUNT 
0100 B8i1E 18+ MOV RO, #ALPHA 
0102 B928 19+L1: MOV R1, #BETA 
0104 BA32 20+ MOV R2, #COUNT 
0106 97 21 CLR CG 
0107 + FO 22 LP: MOV A, @RO 
0108 71 23 ADDC A, @R1 
0109 57 24 DA A 
010A Atl 25 MOV @RO,A 
010B 18 26 INC RO 
010C 19 27 INC R1 
010D EAO7 28 DJNZ R2, LP 
END 


USER SYMBOLS 
ALPHA OO1E BETA 0028 COUNT 0005 LP 0107 
L1 0102 


ASSEMBLY COMPLETE, NO ERRORS 


ISIS-Il ASSEMBLER SYMBOL CROSS REFERENCE, V1.0 PAGE 1 
SYMBOL CROSS REFERENCE 


ALPHA 13# 17 


BETA 14# 17 
COUNT 15# 17 
INIT 7# 17 
L1 19# 
LP 22# 28 
SPECIFICATIONS 
MDS-D48 Optional Hardware 
Operating Environment: Universal PROM Programmer 
Required Hardware Documentation Package: 
Intellec® Microcomputer Development System MCS-48™ Assembly Language Manual 
System Console Universal PROM Mapper Operator’s Manual 
Intellec Diskette Operating System ISIS-Il System User’s Guide 
32K RAM (non-Macro Assembler) Shipping Media: 
48K RAM (Macro Assembler) Diskette 


ORDERING INFORMATION 


PRODUCT CODE DESCRIPTION 


MDS-D48 Diskette-Based Assembler for 
MCS-48 Family of Microprocessors 
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INTELLEC SERIES II 
AVAILABLE OPTIONS AND DOCUMENTATION 


OPTIONS DOCUMENTATION 
EXPANSION MODULES MANUAL DOC. # PRICE 
SBC-016 16K RAM Module 
SBC-032 32K RAM Module A Guide to Microcomputer Devel- 9800558 $ 2.00 
MDS-406 6K PROM Module using 1702A PROMs opment Systems 
MDS-416 16K PROM Module using 2708 PROMs Intellec® Series Il Model 210 User’s 9800557 15.00 
MDS-501 DMA Channel Controller Guide 
MDS-504 General Purpose I/O Module ISIS-I] User’s Guide 9800306 15.00 
SBC-310 High Speed Mathematics Unit Intellec® Series Il Installation and § 9800559 15.00 
Service Manual 
Intellec® Series Il Hardware Inter- 9800555 25.00 
face Manual 
Intellec® Series || Hardware Refer- 9800556 25.00 
IN-CIRCUIT EMULATORS ence Manual 
ICE-80 8080A In-Circuit Emulator Intellec® Series 11 Schematic 9800554 25.00 
ICE-85 8085 In-Circuit Emulator with External Drawings 
Trace Capability 
ICE-48 8748/8048 In-Circuit Emulator ¥ ete 8080/8085 Assembler 9800292 #10.00 
tata perator’s Manual 
ICE-30 Series 3000 In-Circuit Emulator y 
MDS-EM1 8021 Emulation Board * 8080/8085 Assembly Language 9800301 5.00 
Programming Manual 
MCS-48/UPI-41 Assembly Language 9800255 5.00 
Programming Manual 
PL/M-80 Programming Manual 9800268 5.00 
PERIPHERALS FORTRAN-80 9800481 5.00 
MDS-PTR High Speed Paper Tape Reader Programming Manual 
UPP-103 Universal PROM Programmer ISIS-Il| PL/M Compiler Operator’s 9800300 # 15.00 
MDS-PRN 165 Character per Second Dot Matrix Manual 
Printer ISIS-I| 8080/8085 ANSI FORTRAN 9800480 815.00 
MDS-770/771 60 Character per Second Dot Matrix Compiler Operator’s Manual 
Printer , 
MDS-701/702 Add-On Disk Drive for Intellec Series | yyanorea PROM Mapper Operator's 9800238 15.00 
Model 230 ; 
MDS-710/711 1/2 Million Byte Floppy Disk System CEO Operators Manual woudreg Ta 
MDS-720/721 1 Million Byte Floppy Disk System ICE-85 Operator's Manual 9800463 15.00 
MDS-730/731 Add-On Drives to 720/721 with ICE-48 Operator's Manual 9800464 15.00 
Addition al 1 Million Bytes Universal PROM Programmer Hard- 9800133 25.00 
ware Reference Manual 
Single Density Diskette Operating 9800212 25.00 
System Hardware Reference Manual 
Double Density Diskette Operating 9800422 25.00 


SOFTWARE System Hardware Reference Manual 
MDS-PLM 8080/8085 PL/M Compiler 
= MDS-301 8080/8085 ANS 1977 FORTRAN Compiler Documentation may be ordered from: 
MDS-R48 MCS-48 Family ROM Assembler/Editor* Literature Department 
MDS-D48 MCS-48 Family Diskette-Based Assem- Intel Corporation 
bler 3065 Bowers Avenue 
INSITE Intel Microprocessor User’s Library Santa Clara, CA 95051 
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MICROCOMPUTER DEVELOPMENT SYSTEMS 


INTELLEC’ PROMPT 48™ 
MCS-48™ MICROCOMPUTER DESIGN AID 


Complete Design Aid and EPROM Programmer 
for revolutionary MCS-48™ Single Component 
Computers including: 


CPUs 8-bit MCS-48™ : 8748, 8035 


Program 1K byte erasable, reprogrammable on- 
Memory chip (8748), expandable. 1K byte 
RAM in PROMPT™ system. 


Register 64 bytes RAM on-chip, expandable 
Memory 


Data 256 bytes RAMin PROMPT™ system, 
Memory expandable 


1/0 27 TTL compatible 1/O lines on-chip, 
expandable 


Control On-chip clock, internal timer/event 
counter, two vectored _ interrupts, 
eight level stack 


Power Single +5 VDC system 


Low Cost 


Simplifies microcomputing — enter, run, debug, 
and save machine language programs with 
calculator-like ease 


Complete with two removable MCS-48™ CPUs: 


8748 CPU with erasable, reprogrammable 
program memory on-chip 


8035 CPU program memory is off-chip 


Integral keyboard and displays (no teletype- 
writer or CRT terminal required) 


Extensive PROMPT 48™ monitor allows system 
1/O, bus and memory expansion 


Intellec® Microcomputer Development System 
compatible 


Comprehensive Design Library 


Intellec PROMPT 48 is a low cost, fully-assembled design aid for the revolutionary 8748 single component microcomputer. 
PROMPT 48 simplifies the programming of MCS-48 systems — programs can be entered and debugged with calculator-like 
ease on the large, informative display and keyboard panel. The comprehensive design library with tutorial manual is ideal for 


newcomers to microcomputing. 


PROMPT 48's panel connector allows easy access to |1/O ports and system bus. Thus users can expand program memory 
beyond the 1k bytes provided internally. PROMPT 48 can serve as an economical 8748 Specialized PROM Programmer (SPP) 


peripheral in Intellec Microcomputer Development Systems. 


INTELLEC® PROMPT 48™ 


PROMPT 48™ SIMPLIFIES MICROCOMPUTING 


Intellec PROMPT 48 simplifies the programming of MCS-48 
systems. Like the 8748 it is radically new, highly integrated, 
and expandable. Like the MCS-48 family, it is low cost, and 
ideal for small applications and programs. It is a design aid, 
not a development system with sophisticated software and 
peripherals. 


“PROMPT” stands for PROgraMming Tool. It is a program- 
mer for 8748 EPROMs, and a versatile aid for debugging 
MCS-48 programs. Programs can be entered via its integral 
panel keyboard, programming socket, or serial channel. 
Almost any terminal can be interfaced to the serial channel, 
including a teletypewriter, CRT, or the Intellec Micro- 
computer Development System. 


Programs, written’ first in assembly language, are entered 
in machine language and debugged with calculator-like ease 
on the large, informative display and keyboard panel. Most 
MCS-48 operations can be specified with only two key- 
strokes. 


Once entered, routines can be exercised one instruction 
(single step) or many instructions at a time. The principal 
MCS-48 register — the accumulator — is displayed while 
single-stepping. Programs can be executed in real-time 
(GO NO BREAK) or with as many as eight different 
breakpoints (GO WITH BREAK). 


PROMPT 48 is a complete, fully assembled and powered 
microcomputer system including program memory, data 
memory, 1/O and system monitor beyond that available on 
MCS-48 single component computers. 1K bytes of PROMPT 
system RAM serve as “writable program memory” — a 
ROM simulator for the program memory on each MCS-48 
computer. 256 bytes of PROMPT system RAM serve as 
“external data memory,’ beyond the 64 register bytes on 
each MCS-48 computer. Users may further expand pro- 
gram or data memory via the panel |/O PORTS and BUS 
CONNECTOR. 


The PROMPT 48 manual includes chapters for the reader 
with lictle or no programming experience. Topics treated 
range from number systems to microcomputer hardware 
design. A novel, unifying set of tutorial diagrams — 
MICROMAPs — simplify microcomputer concepts. 


PROMPT's handy, pocket-sized reference cardlet can be 
affixed to the mainframe. Programming pads aid in the 
organization and documentation of programs. These 
features, plus a comprehensive design library of manuals, 
articles and application notes, make the Intellec PROMPT 
48 ideal for the newcomer to microcomputing. 


THE REVOLUTIONARY MCS 48™ SINGLE 
COMPONENT COMPUTER 


Advances in n-channel MOS technology allow Intel, for the 
first time, to integrate into one 40-pin component all 
computer functions: 


8-bit CPU 
1K x 8-bit ERPROM/ROM Program Memory 
64 x 8-bit RAM Data Memory 
27 Input/Output Lines 
8-bit Timer/Event Counter 


More than 90 instructions — each one or two cycles — make 
the single chip MCS-48 equal in performance to most 
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multi-chip microprocessors. The MCS-48 is an efficient 
controller and arithmetic processor, with extensive bit 
handling, binary, and BCD arithmetic instructions. These 
are encoded for minimum program length: 70% are single 
byte operation codes, and none is more than two bytes. 


Three interchangeable, pin-compatible devices offer flexi- 
bility and low cost in development and production: 
8748 with user-programmable and erasable EPROM 
program memory for prototype and pre- 
production systems 


8048 with factory-programmed mask ROM memory 
for low-cost, high volume production 
8035 without program memory, for use with 


external program memories 


Each MCS-48 processor operates on a single +5V supply, 
with internal oscillator and clock driver, and circuitry for 
interrupts and resets. Extra circuitry is in the 8048 ROM 
processor to allow low power standby operation: the 64x 8 
RAM data memory can be independently powered. 


For systems requiring additional compatibility, the MCS-48 
can be expanded with the new 8243 1/0 expander, 8155 1/O 
and 256 byte RAM, 8755 I/O and 2K byte EPROM or 
8355 |/O and 2K ROM devices. MCS-48 processors readily 
interface to MCS-80/85 peripherals and standard memories. 


PROMPT 48 comes complete with two of these revolu- 
tionary MCS-48 processors — an 8748 and an 8035. 


EXPANDING PROMPT 48™ 


PROMPT 48 may be expanded beyond the resources on the 
MCS-48 single component computer and those in the 
PROMPT system. External program and data memory may 
be interfaced and input/output ports added with the 8243 
1/O Expander. 


The PROMPT panel |1/O Ports and Bus Connector allow 
easy access to all MCS-48 pins except those reserved for 
control by the PROMPT system, namely EA external access, 
SS single step, and X1, X2 clock inputs. 


A Specialized PROM Programmer Kit, the PROMPT-SPP, 
allows PROMPT 48 to serve as an economical 8748 
Specialized PROM Programmer peripheral in Intellec 
Microcomputer Development Systems. The PROMPT-SPP 
cable plugs directly into the rear panel of the Intellec 
Microcomputer Development System. 


PROMPT 48 can be fully controlled either by the panel 
keyboard and displays, or remotely by a serial channel. 
Thus a teletypewriter or CRT can be used but neither is 
required. Full remote control by a serial channel means 
users can download and debug programs using the PROMPT 
48 together with an Intellec Microcomputer Development 
System. 
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INTELLEC® PROMPT 48™ 


The 8748 is the first microcomputer fully integrated on 
one component. All elements of a computing system are 
provided, including CPU, RAM, 1/O, timer, interrupts and 
erasable, reprogrammable non-volatile program memory. 


PROMPT’s PROGRAMMING SOCKET programs this 
revolutionary ‘‘smart PROM” the 8748 — in a highly 
reliable, convenient manner. A fail-safe interlock ensures 
the device is properly inserted before applying programming 
pulses. Each location may be individually programmed, 
one byte at a time. A read-before-write programming 
algorithm prevents device damage by inadvertently pro- 
gramming unerased memory. 


The EXECUTION SOCKET accepts an 8035 or an 8748. 
Both are supplied with each PROMPT 48, and either can 
serve as heart of the PROMPT system. There are no proces- 
sors within the PROMPT 48 mainframe, which instead 
contains monitor ROM and RAM, user RAM, peripherals, 
drivers, and sophisticated control circuitry. 


Once a processor is seated in the execution socket and 
power is applied the PROMPT system comes to life. One 
can select various access modes such as program execution 
from PROMPT system RAM, or from on-chip PROM. Thus 
programs can first be executed from PROMPT RAM with 
the 8035 processor. When debugging is complete, the 8035 
(execution socket) processor can program the 8748 (pro- 
gramming socket) processor. Finally, a programmed 8748 
processor can be exercised by itself from the execution 
socket. The execution socket processor runs either monitor 
or user programs. 


SYSTEM RESET initializes the PROMPT system and enters 
the monitor. MONITOR INTERRUPT exits a user program 
gracefully, preserving system status and entering the 
monitor. USER INTERRUPT causes an interrupt only if 
the PROMPT system is running a user program. 


A comprehensive system monitor resides in four 1K byte 
read-only memories. It drives the PROMPT keyboard and 
displays and responds to COMMANDS and FUNCTIONS. 


The top 16 bytes of on-chip program memory must be used 
by the PROMPT system to switch between monitor and 
user programs. It requires one level of the MCS-48 eight- 
level stack. 
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PROMPT 48’s COMMANDS are grouped and color-coded 
to simplify access to the 8748's separate program and data 
memory. You can EXAMINE and MODIFY registers, data 
memory or program memory. 


Then either the NEXT or PREVIOUS register and memory 
locations can be accessed with one keystroke. 


Programs can be exercised in three modes. GO NO BREAK 
runs in real time. GO WITH BREAK is not real time — after 
each instruction the MCS-48 program counter is compared 
against pending breakpoints. If no break is encountered, 
execution resumes. GOSINGLE STEP exercises one 
instruction at a time. 


Commands are like sentences, with parameters separated by 
(-] NEXT. Each command ends with [.] EXECUTE/END. 


In addition to the PROMPT basic COMMANDSs, thirteen 
functions simplify programming. Each is started merely 
by pressing a HEX DATA/FUNCTIONSs key and entering 
parameters as required. 


ERECUHON 
KET SOCKET 


INTELLEC® PROMPT 48" 
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Port 2 MAP allows you to specify the direction of each 
pin on port 2. Port 2 is multiplexed to address external 
program memory and expand 1|/O. Thus it must be 
buffered; the P2 MAP command establishes the direc- 
tion of buffering. 

Program EPROM programs 8748 EPROMs. 


Byte Search with optional mask sweeps through 
register, data or program memory searching for byte 
matches. Starting and ending memory addresses are 
specified. 

Word Search with optional mask sweeps through 
register, data or program memory searching for word 
matches. Starting and ending memory addresses are 
specified. 

Hex Calculator 
differences. 
8748 Program for Debug is similar to Program EPROM, 
but ensures that the top of program memory contains 
monitor reentry code for debugging. 


computes hexadecimal sums and 
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An optional cable, PROMPT-SER, directly connects the 
PROMPT system to virtually any terminal via a rear access 
slot. Another cable, PROMPT-SPP, allows programs and 
data to be downloaded from the Intellec Microcomputer 
Development System to the PROMPT system for debugging. 


You enjoy easy access to the pins of the executing pro- 
cessor via this 1/0 PORTS and BUS CONNECTOR. Only 
the EA external access, SS single step and X1, X2 clock 
inputs are reserved for the PROMPT system. 


Thus program or data memory may be expanded beyond 
that provided on-chip or in the PROMPT system. I/O ports 
can be expanded, as with the 8243, or peripheral controllers 
can be memory-mapped. The |/O ports and Bus connector 
allows the execution socket processor to be directly inter- 
faced to your prototype system, yet be controlled from the 
PROMPT panel. 


The COMMAND/FUNCTION GROUP panel keyboard and 
displays completely control PROMPT 48 — a teletypewriter 
or CRT terminal is not needed. 


A hyphen prompting character appears whenever a 
command or function can be entered. Addresses and data 
are shown whenever EXAMINing registers and memory. 
Parameters for COMMANDs and FUNCTIONs are also 


shown. 


Compare will verify any portion of EPROM program 
memory against PROMPT memory. 


Move Memory allows blocks of register, data or pro- 
gram memory to be moved. 


Access specifies one of six access modes for PROMPT 
48. For example, EPROM, PROMPT RAM or external 
program memory, and a variety of input/output 
options may be selected. 

Breakpoint allows you to set and clear any or all of the 
eight breakpoints. 


Clears portions of register, data or program memory. 


Dumps register, data, or program memory to PROMPT’s 
serial channel, for example a teletypewriter paper tape 
punch. 


Enter (reads) register, data or program memory from 
PROMPT’s serial channel. 


Fetches programs from EPROM to PROMPT RAM. 
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INTELLEC® PROMPT 48™ 


SPECIFICATIONS 
TIMING 
Basic Instruction 2.5 usec 
Cycle Time tcy = 2.5 usec 
Clock 6 MHz +0.1% 
MEMORY BYTES 
Maximum On Chip In PROMPT 48 
Register 64 64 0 
Data 3328 0 256 
Program 4096 1024 EPROM 1024 RAM 


The 8748 contains 64 bytes of register memory, no external data 
memory, and 1024 bytes of EPROM program memory. The PROMPT 
system provides 256 bytes of external data memory, and 1024 bytes 
of RAM program memory. PROMPT RAM program memory can be 
used in place of the On-Chip EPROM program memory; thus 
programs less than 1024 bytes may be designed. For larger programs 
additional memory can be directly interfaced to the MCS-48 bus via 
the PROMPT panel I/O Ports and Bus Connector. 


1/0 PORTS 


All MCS-48 1|/O Ports are accessible on the PROMPT panel connector. 


BUS is a true bidirectional 8-bit port with associated strobes. If 
the bidirectional feature is not needed, bus can serve as either 
a statically latched output port or a non-latching input port. Input 
and output lines cannot be mixed. 


PORTS 1 AND 2 are each 8 bits wide. Data written to these ports is 
latched and remains unchanged until written. As inputs these lines 
are not latching. The lines of ports 1 and 2 are called quasibidirec- 
tional. A special output structure allows each line of port 1 and half 
of port 2 to serve as an input, an output, or both. Any mix of input, 
output, and both lines is allowed. 


Three pins — TO, T1 and INT — can serve as inputs; TO can be 
designated as a clock output. Input/Output can be expanded via the 
PROMPT panel connector with a special |/O expander (8243) or 
standard peripherals. 


RESET and INTERRUPTS 


RESET initializes the PROMPT system and enters the monitor. 
MONITOR INTERRUPT exits a user program gracefully, preserving 
system status and entering the monitor. USER INTERRUPT causes 
an interrupt only if the PROMPT system is running a user program. 
The processor traps to location 346. The MCS-48 timer/event counter 
is not used by the PROMPT system and is available to the user. 


Either timer flag or interrupt will signal when overflow has occurred. 
The timer interrupt can be used only in the GO NO BREAK (real 
time) mode. 


EPROM PROGRAMMING 


PROMPT 48 provides a programming socket to directly program 
8748s. Programs are loaded into the PROMPT RAM program 
memory via keyboard, EPROM, teletypewriter, or other serial 
interface. 


A fail-safe interlock ensures programming pulses are applied only if 
the device is properly inserted. Inadvertent reprogramming is 
prevented by a read-before-write programming algorithm. Each 
location may be individually programmed, one byte at a time. 


PANEL 1/O PORTS and BUS CONNECTORS 


All MCS-48 pins, except five, are accessible on the I/O Ports and 
Bus Connector. The five reserved for PROMPT system control are 
EA external access, SS single step, X1, X2 crystal inputs, and 5V. 


Due to internal buffering of the MCS-48 bus, access times will be 
negligibly degraded by the PROMPT system. Since MCS-48 proces- 
sors do not communicate internal address gate status, bus data must 
be driven out if neither PSEN nor RD is asserted. 


ORDERING INFORMATION 


PROMPT-48 or Intellee® PROMPT 48 MCS-48 Microcomputer 

PROMPT-48-220V Design Aid. Complete with two MCS48 pro- 
cessors (8748 and 8305), EPROM programmer, 
integral keyboard, displays, and system moni- 
tor in ROM. 


SYSTEM DEVICES 


Both user programs and the PROMPT monitor enjoy access to 
system devices: serial 1/O, panel displays and keyboard. These are 
memory-mapped to program memory addresses beyond 2K. 


The SERIAL 1/O port (data 82046, control 82146) is defined by 
software and jumpers for 110 baud, -20mA current loop, but can 
easily be jumpered for other baud rates and RS232C levels. Asynch- 
ronous or synchronous transmission, data format, control characters, 
and parity can be programmed. 


Software is used to debounce the PANEL KEYBOARD (data 
81046). The monitor’s input routines (see SOFTWARE DRIVERS) 
provide this debouncing and can be called from user programs. 


Eight display ports (data 810-8174¢) allow each of the PANEL 
DISPLAYS to be written from user programs. Data written on a 
display device will time out after a fixed interval. Displays must be 
refreshed on a polled or interrupt-driven basis. User programs can 
call SOFTWARE DRIVERS which provide this capability. 


COMMANDS 
0D Single Step OD Register 

0 GO} O With Break 0 Examine/Modify{ 0 Data Memory 
O No Break D0 Program 

O Open Previous/Clear Entry @Next © Execute/End 

FUNCTIONS 

[2] Port 2 Map [8] Compare EPROM with memory 


(3) Program EPROM (8748) Move Memory (R, D or P) 
[4] Search (R, D or P)* Memory for Access 
1 byte, optional mask (B) Breakpoint 
Search (R, D or P) Memory for  [@] Clear Memory (R, D or P) 
2 bytes, optional mask (5) Dump Memory (R, D or P) 
iS} Hexadecimal Calculator +, - (E) Enter (Read) Memory (R, D or P) 
[7] 8748 Program EPROM for Debug [F) Fetch EPROM Program Memory 


*R,DorP is Register, Data or Program. 
SOFTWARE DRIVERS 
Panel Keyboard In: KBIN, KDBIN 
Panel Display Out: DGS6, DGOUT, HXOUT, BLK, REFS, ENREF 
Serial Channel: Cl, CO, RI, PO, CSTS 


CONNECTORS 


Serial 1/0: 3M 3462-0001 Flat Crimp/AMP 88106-1 Fiat Crimp/ 
Tl H312113 Solder/AMP 1-583485-5 Solder. 


Panel 1/O Ports and Bus Connector: 3M 3425 Flat Crimp. A 


complete cable set including wirewrap header for prototyping is 
included with each PROMPT. 


EQUIPMENT SUPPLIED 


PROMPT 48 mainframe with two MCS-48 processors (8748, 8035), 
display/keyboard, EPROM Programmer, power supply, cabinet and 
ROM-based monitor. 


110 VAC power cable, 110 or 220 VAC, fuse, Panel |/O Ports and 
Bus Connector cable set, PROMPT 48 User’s Manual, PROMPT 48 
Monitor Listing, Reference Cardlet, PROMPT 48 Programming Pads, 
MCS-48 Microcomputer User’s Manuals, MCS-48 Assembly Language 
Manual, PROMPT 48 Schematics. 


PHYSICAL CHARACTERISTICS 


Maximum Height: 13.5cm (5.3 in.) 


Width: 43.2cm (17 in.) 
Maximum Depth: 43.2cm (17 in.) 
Weight: 9.6 kg (21 Ib.) 


ELECTRICAL REQUIREMENTS 


Either 115 or 230VAC (+10%) may be switch-selected on the 
mainframe. 1.8 amps max current (at 125 VAC). 


Frequency is 47-63 Hz. 


ENVIRONMENTAL 


Operating Temperature: 
Non-Operating Temperature: 


0°C to +40°C 
-20°C to +65°C 


PROMPT-SER 
PROMPT-SPP 


Serial cable connects PROMPT to TTY, CRT 
Specialized PROM Programmer Kit connects 
PROMPT 48 to Intellec Microcomputer Dev- 
elopment System for EPROM programming 
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MICROCOMPUTER DEVELOPMENT SYSTEMS 


INTELLEC® PROMPT 80/85™ 
8080/8085 MICROCOMPUTER DESIGN AID 


Simplifies microcomputing 


Enter, run, debug and save machine language pro- 
grams with calculator-like ease 


Complete, fully-assembled microcomputer, includ- 


ing: 
CPU 


Memory 


1/O 


Power 


Standard 8080A on popular SBC 
80/10 Single Board Computer 


1K byte RAM, 3K byte ROM, and 
two spare 1K byte 8708 EPROMs 


24 programmable parallel I/O (TTL) 
lines, including two: 

8-bit ports, fully implemented 
switches, displays 

Programmable serial I/O interfaces 
directly with most terminals 


Only 110 or 230 VAC required 


Low Cost 


PROM Programmer for UV Erasable, Electrically 
Reprogrammable ROMs (EPROMs): 8708/2708/ 
2704 standard, 8755 with adaptor 


Integral keyboard and 16-digit display (no tele- 
typewriter or CRT terminal required) 


Extensive system monitor software in ROM: 
Examine/Display/Modify 
Registers and Memory 
Enter, Run, Test, Single-Step programs 
Hex Calculator 
Move, Search Memory Blocks 


Self-programmable — user can add functions 


Comprehensive design library 


Intellec PROMPT 80/85 is a low-cost, fully assembled microcomputer design aid. PROMPT 80/85 simplifies the programming 
of SBC 80 and System 80 microcomputers, as well as 8080/8085 processors, 8708/2708/2704/8755 EPROMs and 8255/8251 
programmable |/O devices. 8080 programs can be entered and debugged with calculator-like ease on the large, informative 
display and keyboard panel. The comprehensive design library with tutorial manual is ideal for newcomers to microcomput- 


ing. 


PROMPT 80/85’s SBC 80/10 can be expanded using the SBC modular cardcage. And PROMPT 80/85 can serve as an econom- 
ical 8708/8755 Specialized PROM Programmer (SPP) peripheral in Intellec Microcomputer Development Systems. 
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INTELLEC® PROMPT 80/85™ 


PROM PROGRAMMER 


8708 UV Erasable, Electrically Reprogrammable ROMs 
(EPROMs) can be easily programmed, compared, and 
transferred to RAM using the zero-insertion force socket 
on the panel. A new technique allows 8708 to be partially 
programmed in multiple blocks of 16 bytes. Thus, small, 
modular routines can be entered, tested, and readily saved 
using EPROM. 


EPROMs can also be conveniently duplicated. The master 
(original) device plugs into the SBC 80/10 inside PROMPT 
80, and can be copied to the panel programming socket. 


8755 EPROMs can also be programmed, compared and 
transferred over any address range using the optional 
adaptor PROMPT 875. 12 


PROM 
17 PORTS 
SOCKET COMNEC TOR 


REGISTER/DISPLAY GROUP 


All 8080 registers can be displayed, even while single- 
stepping programs. The registers are shown in three rows: 


REGISTER DISPLAY GROUP 


; c, Dy E, 

Poe P - ; : # i. FLAGS, & 
first row: B C D E PROGRAM COUNTER, » STACK POINTER, » 
second row: H L Flags A 
third row: Program Counter Stack Pointer 


One register row is visible at a time. Three small LEDs to 
the left of these rows indicate which row is displayed. The 
SCROLL REGISTER DISPLAY command displays the 
next row (first, second, third, etc.) 


RESET, INTERRUPTS 


SYS RST resets the system, initializes the PROMPT 80/85 
registers and enters the monitor. MON INT interrupts a user 
program and enters the monitor saving the user registers. 
USR INT is auser interrupt which traps PROMPT 80/85 to 
location 3C024¢. 


MONITOR 

A comprehensive system monitor resides in three 1K 

ROMs. It drives PROMPT’s keyboard, displays, and COMMANDS 

responds to COMMANDS and FUNCTIONS. The moni- PROMPT 80/85 commands are compatible with those used 
tor is modular, organized so that the third ROM may be by Intel’s SDK, SBC, and Intellec monitors. 


removed if F FUNCTIONS are not required. This allows 
sizable user routines — as much as 2K ROM/EPROM and 
nearly 1K RAM — to be exercised. 


You can EXAMINE/MODIFY a REGISTER, or DIS- 
PLAY/MODIFY MEMORY. Then either the NEXT or 
PREVIOUS register and memory locations can be opened 
with one button. 


The GO command executes programs, allowing multiple, 
optional breakpoints. Or a program can be SINGLE 
STEPped, executed one instruction at a time. 
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The SCROLL REGISTER DISPLAY command displays 
the next row of the REGISTER/DISPLAY GROUP. 
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INTELLEC® PROMPT 80/85™ 


prompt 80/85 


IMPUT OUTPUT GROUP 


o 


* Spang z 
| | = Ramee 


COMMAND FUNCTION GROUP 


PIES ATIVE 
TRE 
QM: & 


~ 
banct 


} Function | ADDRESS 


COMMANDS 


PREVIOUS 
AALEAR ENTRY 


EXECUTE 
{END 


Commands are entered naturally, like phrases in a sen- 
tence: the NEXT parameters are separated bycommas [4] 
and command sentences end with L] EXECUTE/END. 


The commands do what makes sense. For example: 


GO LJ) [oJ fo} LJ EXECUTE/END 
starts the program at address 100. 


GO U0) @ O ©) LJ NEXT [2] &) &) LJ EXECUTE/END 
starts the program at 100, but stops if you get to 200, 
a breakpoint. 


GO LJLJ EXECUTE/END 
starts the program where you last stopped. 
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INPUT/OUTPUT GROUP 


The INPUT/OUTPUT (1/0) GROUP features two fully 
implemented 8-bit ports, both with displays, and with 
latch switches for the input port E9. The port addresses 
are clearly marked E8 and E9. Those two ports and a 
third, at EA, are easily accessible on the 1/0 PORTS 
CONNECTOR. Negative true logic is used throughout the 
1/0 GROUP and PORTS CONNECTOR to enhance noise 
immunity and allow wire-ANDing. 


PARALLEL I/O 


The 1/0 PORTS CONNECTOR provides easy access to 24 
parallel, TTL-compatible lines. These lines are addressed 
as three ports (each 8 lines), port E8, E8, and EA. 


These ports can be defined to be input or output by soft- 
ware. Defining control words, tabulated in ‘‘Specifica- 
tions’’, are sent OUT to port EB, the control word regis- 
ter. 


SERIAL 1/0 


PROMPT’'s programmable serial !/O readily interfaces 
with most terminals. Jumpers select either 20 mA tele- 
typewriter (TTY) current loop or RS-232C operation, and 
the appropriate Communications frequency. Asynchro- 
nous or synchronous transmission, data format, control 
characters, parity, and transmission rate can be pro- 
grammed. 


A serial cable kit, PROMPT-SER, connects PROMPT to 
either a teletypewriter or RS-232C standard (CRT) termi- 
nal through a rear chassis access slot. Teletypewriters may 
require minor reader control modifications. 


COMMAND/FUNCTION DISPLAYS 


The COMMAND/FUNCTION displays show addresses and 
data when DISPLAYing MEMORY, and parameters for 
COMMANDS and FUNCTIONS are entered. 


FUNCTIONS 


Eight FUNCTIONS are provided by PROMPT. Others 
may be added by the user. Pressing a HEX DATA/FUNC- 
TIONS key (O—7) starts a function. 


(0} is FO Read Paper Tape 

i} is F1 Write Paper Tape 

[2] is F2 Program 8708 EPROM, Compare 

[3] is F3 Compare 8708 EPROM 

4] is F4 Transfer 8708 EPROM to RAM 

[5] is F5 Move Block Memory 

[6] is F6 Hexadecimal Calculator, +, - 

is F7 Byte Search Memory, optional mask 
(8) is F8 Word Search Memory, optional mask 


With the optional PROMPT-875 adaptor, 

©} is FQ Program 8755 EPROM, Compare 
A] is FA Compare 8755 EPROM 

(B)} is FB’ Transfer 8755 EPROM 
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INTELLEC® PROMPT 80/85™ 


PROMPT SIMPLIFIES MICROCOMPUTING 


Intellec PROMPT 80/85 simplifies the programming of 
8080/8085 processors, SBC 80 and System 80 microcom- 
puters, as well as 8708/8755 EPROMs and 8255/8251 
programmable I/O devices. 


PROMPT is a low-cost programming tool. It is a micro- 
computer design aid — not a development system with 
sophisticated software and peripherals. 


PROMPT encourages the preparation and verification of 
small, modular routines which together may comprise 
sizable programs. These are written in assembly language, 
then entered in machine language and debugged with 
calculator-like ease on the large, informative display and 
keyboard panel. 


Many 8080 operations can be specified with only two 
key strokes. Once entered, programs can be exercised one 
instruction (single step) or many instructions at a time. 
And, any of the 8080 registers can be watched while 
single-stepping. 


Programs are readily saved and instantly reloaded via UV 
Erasable, Electrically Reprogrammable ROMs (EPROMs). 
PROMPT 80/85 can program the popular 8708 EPROMs in 
small blocks, so routines can be debugged and saved incre- 
mentally. Several programs are pre-recorded as examples on 
PROMPT's spare 8708 EPROMs 


PROMPT 80/85 is acomplete, fully assembled and powered 
8080 microcomputer, including RAM, 1/O, and system 
monitor in ROM. Twenty-four lines of programmable, 
TTL-compatible, parallel 1/O are easily accessed on a 
panel connector. Two 8-bit ports are fully implemented, 
one with displays for output, the other with displays and 
switches for input. PROMPT’s programmable serial |/O 
interfaces directly with most terminals. A teletypewriter 
or CRT can be used, but neither is required because of 
PROMPT's built-in keyboard and display. 


The PROMPT 80/85 manual includes chapters for the read- 
er with little or no programming experience. Topics treated 
range from the number system to microcomputer hard- 
ware design. A novel, unifying set of tutorial diagrams — 
MICROMAPS™ — simplify microcomputer concepts. 


PERIPHERALS 
& MEMORY 


FF 
. ree 
PORTS a 
ee 
00 


PPE FE 


CENTRAL 
PROCESSOR 


OTHER 
REGISTERS 
MEMORY 


0000 


Programming pads aid in the organization and documenta- 
tion of programs. These features, plus a comprehensive 
design library of manuals, articles, and applications notes, 
make Intellec PROMPT 80/85 ideal for the newcomer to 
microcomputing. 
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A COMPLETE COMPUTER 


The heart of PROMPT 80/85 is the popular SBC 80/10 
Single Board Computer, a complete computer on a single 
printed circuit board. The SBC 80/10 includes an 8080A, 
1K bytes of static RAM memory, and sockets for 4K bytes 
of EPROM memory. Signals to the SBC 80/10 include 48 
programmable, parallel 1/O lines with sockets for inter- 
changeable line drivers and terminators, a programmable 
serial channel, a multi-source single level interrupt net- 
work, and bus drivers for memory and I/O expansion. 
Read-only-memory may be added in 1K byte increments 
using Intel 8708 EPROMs or 8308 ROMs. 


The central processor for PROMPT’s SBC 80/10 is Intel’s 
powerful 8-bit n-channel MOS 8080A CPU. The 8080A 
contains six 8-bit general-purpose registers and an accumu- 
lator. The six general-purpose registers may be addressed 
individually or in pairs, providing both single and double 
precision operations. 


The 8080A has a 16-bit address bus which allows direct 
addressing of up to 64K bytes of memory. An external 
stack, located anywhere in read/write memory, may be 
used as a last-in/first-out store. The contents of the pro- 
gram counter, accumulator, flags, and all of the general- 
prupose registers are stacked using a 16-bit pointer. Sub- 
routine nesting is bounded only by memory size. 


EXPANDING PROMPT 80/85 TM 


PROMPT 80/85’s SBC 80/10 can be expanded via the SBC 
604 Modular Cardcage. The cardcage houses the SBC 
80/10 and up to three expansion boards. Memory and |/O 
can be added in various combinations. Additional power 
may be required. 


epi 


A Specialized PROM Programmer kit, the PROMPT-SPP, 
allows PROMPT 80/85 to serve as an economical 8708/ 
8755 Specialized PROM Programmer peripheral in Intellec 
Microcomputer Development Systems. The PROMPT-SPP 
cable plugs directly into the rear panel of the Intellec 
Microcomputer Development System. 


INTELLEC® PROMPT 80/85"™ 


SPECIFICATIONS 

WORD SIZE 

Instruction: 8, 16, or 24 bits 
Data: 8 bits 

TIMING 

Basic Instruction: 1.95 usec 
Cycle Time: tcy = 488 nsec 


Clock: 2.058 MHz + 0.1% 
MEMORY BYTES 


Addressing On Board Monitor Uses 
ROM/PROM 0-OF FFi6¢ 4096 2048 or 3072 
RAM 3C00-3FFF 16 1024 114 


Up to 48K bytes may be added using optional RAM, ROM, or 
PROM expansion boards and the SBC 604 Cardcage. 
1/O ADDRESSING 


Ports E4 to E7 are dedicated to PROMPT’s display/keyboard 
groups. Ports E8 to EB drive the panel |/O PORTS CONNEC- 
TOR and PROM SOCKET. 


Dedicated to 
Display/Keyboard 


1/O Ports Connector! Serial I/O 
PROM Socket USART 


Con- Con- 
C | trol |Data | trol 
eal ee | ec | 0 | 
PARALLEL I/O 


The panel |/O ports can be defined input or output by outputing 
control words to port address EB. 


HEX Control Word Port E8 Port E9 PortEA 
(OUT this to EB) Bits 7— Bits 7—O | Bits 7— Bits 3—0 
[eo Pouteut | outeut | ourrut | output 
ouTpuT | ouTPUT | OUTPUT INPUT 


OUTPUT INPUT OUTPUT OUTPUT 
OUTPUT INPUT OUTPUT INPUT 


STROBED 
84 or 85 OUTPYT | oureur | OUTPOT | ayes 7, 
STROBED O are strobes 


All input ports are TTL-compatible. Ports E8 and EA are one-load 
fully TTL-compatible as output. Port E9 is ordinarily used as 
input. When used as output, EQ can sink at least one low-power 
TTL load. 


SERIAL I/O 


The serial !/O port is defined by software and jumper. PROMPT 
is configured at the factory for 20 mA current loop TTY interface, 
but can easily be jumpered for RS-232C levels. 


Asynchronous or synchronous transmission, data format, control 
characters, parity and transmission rate can be programmed. 


INTERRUPTS 

PROMPT 80/85 provides a panel user interrupt to 3C021g. The 
SBC 80/10 supports single level vectoring to location 3846. 
Requests may originate from user-specified 1/O (2), the parallel 
ports (2), or serial port (2). 


EPROM PROGRAMMING 

8708/2708/2704 EPROMs can be programmed in multiple blocks 
of 16 bytes. Starting and ending memory address need only differ 
by a multiple of 16, and starting EPROM address end X XO hexa- 
decimal (X = don’t care). Programming time is 115 sec for 1K 
byte, 3 sec for 16 bytes. 


8755 EPROMs can be programmed at any addresses using the 
optional PROMPT 875 adaptor. Programming time is 52 sec for 1 
1K byte. 


EPROMs may be erased by exposure to high intensity short-wave 
ultraviolet light at a wavelength of 2537A. The recommended 
integrated dose (UV intensity x exposure time) is 10W-sec/cm2. 


ORDERING INFORMATION, COMPATIBLE EQUIPMENT 

PROMPT-80 or Intellee PROMPT 80/85 MCS80/85 Micro- 

PROMPT-80-220V Computer Design Aid. Complete with SBC 
80/10 Single Board Computer (8080 CPU), 
integral keyboard, displays and EPROM 
programmer. 


SYSTEM MONITOR 


Resides in three 8308 ROMs, 0 to 3FF 16, 40016 to 7FF46 and 
80016 to BFFyg. The third ROM implements F FUNCTIONS, 
and can be removed. PROMPT has an unused ROM/EPROM 
socket at address C0016 to FFF 146. 
COMMANDS 

Examine/Modify Register 

Go (with optional breakpoints) 
Scroll Register Display 


Display/Modify Memory 
Single Step 
Open Previous/Clear Entry 


Next © CL) Execute/end 
FUNCTIONS 
fo) Read Tape With 875 adaptor: 


Write Tape 

Program 8708, Compare 

3} Compare 8708 

[4] Transfer 8708 to RAM 

Move Block Memory 

[6] Hexadecimal Calculator, +, - 

Byte Search Memory, optional mask 
Word Search Memory, optional mask 


(] Program 8755, Compare 
Compare 8755 
fs) Transfer 8755 


SOFTWARE DRIVERS 
Panel Keyboard Input 
Console Terminal Input 
TTY Reader Input 


Panel Display Output 
Console Terminal Output 
TTY Punch Output 


CONNECTORS 

PROMPT Panel I/O Ports 3M 3425 Flat 

SBC 80/10 Parallel |/O 3M 3415 Flat 

SBC 80/10 Serial 1/O 3M 3462 Flat 

SBC 80/10 Bus CDC VPBO1E43D00A1 
SBC 80/10 Auxiliary Bus TIH312130 


EQUIPMENT SUPPLIED 


PROMPT 80/85 mainframe with SBC 80/10, display/keyboard, 
PROM Programmer, power supply, cabinet, and ROM-based sys- 
tem monitor 

(2) 8708 EPROMs with pre-recorded example programs 

110 VAC power cable, 110 or 220 VAC fuse 

PROMPT 80/85 User’s Manual, PROMPT 80/85 Monitor Listing 
PROMPT 80/85 Programming Pads 

8080 Systems User’S Guide, 8080 Assembly Language Manual 
System 80/10 Hardware Reference Manual 

Design Library of Application Notes, Article Reprints 

PROMPT 80 Schematics 


PHYSICAL CHARACTERISTICS 
Maximum Height: 13.5cm_ (5.3 in.) 


Width: 43.2cm (17 in.) 
Maximum Depth: 43.2cm_ (17 in.) 
Weight: 9.6 kg (21 Ib) 


ELECTRICAL REQUIREMENTS 


Either 115 or 230 VAC (+10%) may be switch-selected on the 
mainframe. 1.8 amps max current (at 125 VAC). 


Frequency is 47-63 Hz. 


Internal PROMPT 
Voltage 80/85 Supply 


+26.5 
+12 
+ § 
- 5 
-12 


PROMPT 80/85 
Requires 


Fixed over-voltage protect on 5V supply 6.2-6.7 volts. 


ENVIRONMENTAL 
Operating Temperature: 10°C to 40°C 
Non-Operating Temperature: -20°C to 65°C 


PROMPT-875 Optional 8755 programming adaptor. 
PROMPT-SER Serial Cable connects PROMPT to TTY, CRT. 
PROMPT-SPP Specialized PROM Programmer Kit connects 


PROMPT 80/85 to Intellec Microcomputer 
Development Systems for 8708/8755 EPROM 
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intel 


MICROCOMPUTER DEVELOPMENT SYSTEMS 


ICE-30™ 
3001 MCU IN-CIRCUIT EMULATOR 


Extends the Intellec® diagnostic capabilities into 
user configured systems, allowing in-circuit emula- 
tion of the user system’s 3001 MCU 


Direct Intellec® System connection to the user 
configured system is achieved via an external cable 
with 3001 compatible 40-pin connector 


Provides for the display of all 3001 address, status, 
and control lines for the current micro-instruction 
executed. 


Allows for single-step microprogram execution 


Presets the 9-bit 3001 Microprogram Address 
Register and sets two independent breakpoints on 
micro-instruction addresses generated by the 3001 


Allows two independent breakpoints to be set on 
the logical combination of any three TTL compati- 
ble signals in the user system via three logic probes 


Allows the microprogram word contents to be dis- 
played and modified when used with the optional 
ROM-SIM modules 


ICE-30 is an Intellec resident module that provides the user with direct in-circuit emulation of the 3001 Microprogram Con- 
trol Unit (MCU) and complete control over the execution of user developed microprograms. Through in-circuit emulation, 
the designer is able to set microprogram address breakpoints, single-step microprogram execution, and monitor all of the 


address, status, and control lines of the 3001. 
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ICE-30'" MODULE 


HARDWARE 


ICE-30 consists of a single PC board that resides in the 
Intellec System. An external cable from the board, termi- 
minating in a 3001 compatible 40-pin connector, forms 
the interface to the user system. Through the 3001 com- 
patible connector, ICE-30 plugs directly into the user sys- 
tem’s 3001 socket and allows the user to completely 
monitor and control all the activities of the MCU. 


The figure below shows the hardware supplied with the 
ICE-30 package. 


10 INCHES 


DIRECT INSERTION 
INTO USER'S 


3001 MCU SOCKET 


— Ss 
MATCH SIGNAL 
4, 


ies 


BUFFER BOARD 


=a 


3 LOGIC 
PROBES 


ICE-30 BOARD 


INTELLEC BUS 


ICE-30 MODULE HARDWARE 


By inserting the board into the Intellec Bus inside a basic 
Intellec system, a 3001 MCU chip in the user’s system 
may be emulated. The ICE-30 board contains a 3001 
MCU and peripheral logic required to monitor the 3001 
operation and store trace information. The external cable 
Carries status and control lines to and from the 3001 
compatible 40-pin connector and the three logic probe 
lines. In addition, a MATCH line is brought out on the 
external cable which allows ICE-30 to control the user 
system's master clock and perform microprogram halt and 
single-step functions. 


SOFTWARE 


The ICE-30 Software Driver, ICE30SD, is an Intellec 
Microcomputer Development System RAM-resident pro- 
gram which provides a user interface with the ICE-30 
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hardware. ICE30 recognizes a set of commands issued 
by the user, translates the commands, and places the 
encoded results into a control block for the hardware. 
In this fashion, the user can establish a dialogue with the 
3001 Microcomputer Control Unit (MCU) which is 
connected to the system, thus providing the capability 
to monitor, control or alter its operation. 


ICE30 is capable of operating in conjunction with a 
RAM-based microprogram in the optional ROM-SIM 
modules (see ROM-SIM Data Sheet #98-211A). The com- 
mands provided by ICE30SD may therefore be divided 
into three categories: (1) Those commands unique to the 
optional ROM simulator, (2) Those which support 
ICE30SD functions, and (3) Those commands which are 
common to both ROM-SIM and ICE30SD. 


ICE30 FUNCTION COMMANDS 


SET Assign values to the two hardware break- 
point registers, the 9-bit microprogram 


address register, and the PR latch. 


GO Initiates real-time emulation which contin- 
ues until an address encountered matches 


one of the two breakpoint values. 


STEP Causes execution to proceed in a non-real- 


time single-step micro-instruction mode. 


CONTINUE Resumes step mode execution following a 


break condition. 


ENABLE Activates or deactivates the two hardware 
breakpoint registers prior to issuing the 


‘GO’ command. 


TRAP Used to set or remove any of the five-step 
mode software traps (software breakpoint 


registers). 


COMMON COMMANDS 
(Common to ICE30 and Optional ROM-SIM) 


DISPLAY Displays the contents of a specified address 


or address range in the simulated control 


storage. 

BASE Establishes a mode of display of all output 
data for the ‘DISPLAY’ command. 

RESTART Reinitializes all program variables, except 
the ROM-SIM configuration values, and 
starts execution at the point following the 
ROM-SIM configuration sequence. 

EXIT Causes ICE30SD to terminate. 


ROM-SIM COMMANDS 


ICE30SD provides commands necessary to drive the 
optional Intellec microprogram control storage simu- 
lation module, ROM-SIM. For a description of ROM- 
SIM capabilities, ask for the ROM-SIM Data Sheet #98- 
211A. 


ICE30SD is written in Intel’s high-level programming 


language PL/M and will execute in the minimum 16K 
RAM Intellec configuration. 
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ICE-30'" MODULE 


WRITE MEMORY 
| PROTECT SWITCH | 


MODULE-SELECT 
AND 
ADDRESS 
DECODING 


| 12 


ADDRESS BITS | ADDRESS BITS 


READ/WRITE 
COMMANDS 


BUFFER 


SYSTEM BOARD 
BUS CABLE 
ASSEMBLY 
8 8 OR 16 
DATA BITS BIPOLAR DATA BITS 
RAM 
8,192 BITS 
| ROM-SIMULATOR 
MODULE | 
<a) eo = 
3 LOGIC 
BREAKPOINTS PROBES 
AND 
TRACE LOGIC 
| 
| BUFFER 
BOARD 
| CABLE 
| ASSEMBLY 
| 
| MATCH/ 
| 
| 
| TRACE MEMORY 
BREAKPOINT 
| COMPARATOR 
| eesowooNE 
FUNCTIONAL BLOCK DIAGRAM OF ICE-30 MODULE, 
OPERATING IN CONJUNCTION WITH 
ROM-SIMULATOR MODULE 
SPECIFICATIONS 
PHYSICAL CHARACTERISTICS EQUIPMENT SUPPLIED 
(Printed Circuit Board) Printed Circuit Board 
Width: 12.00 in. Interface Cables and 
Height: 6.75 in. Buffer Enclosure Assembly 
Depth: 0.50 in. Reference Manual 


Software Paper Tape 


ORDERING INFORMATION 
Part Number Description 
MDS-30-ICE 3000 Series In-Circuit Emulator 
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MICROCOMPUTER DEVELOPMENT SYSTEMS 


ICE-41™ 
UPI-41™ IN-CIRCUIT EMULATOR 


Extends Intellec® Microcomputer Development 
System debug power to user configured system via 
an external cable and 40-pin plug, replacing the 
user UPI-41 device 


Emulates user system UPI-41 device in real time 


Allows user configured system to use static RAM 
memory for program debug 


Provides hardware comparators for user designated 
break conditions 


Eliminates the need for extraneous debugging tools 
residing in the user system 


Collects address, data and UPI-41 status informa- 
tion on machine cycles emulated 


Provides capability to examine and alter CPU regis- 
ters, memory, flag values, and to examine pin and 
port values 


Integrates hardware and software efforts early to 
save development time 


The ICE-41™ Module is an Intellec® System resident module that interfaces to any user configured UPI-41 system. With an 
ICE-41 Module as a replacement for a prototype system UPI-41 device, the designer can emulate the system UPI-41 device in 
real time, single-step the system’s program, and use internal static RAM memory for user system debugging. Powerful debug 
capability is extended into the UPI-41 system while ICE-41 debug hardware and software remain inside the Intellec System. 
Symbolic reference capability allows the designer to use meaningful symbols rather than absolute values when examining and 
modifying memory, registers, flags, and I/O ports in his system. 
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SUPPORT 


ICE-41™ 


Attempting to mesh completed hardware and software in 
the final product can be costly and frustrating. The ICE-41 
Module allows the designer to use his hardware and soft- 
ware to help debug each other as they are developed. 


Hardware comparators provide the capability for breaking 
system emulation under specified conditions. An additional 
synchronization line allows the ICE-41 Module to break 
emulation on a condition outside the scope of the UPI-41 
device, or, alternatively, allows the ICE-41 to signal an 
external device when a condition is recognized by the hard- 
ware comparators. 


Static RAM memory is provided for program development. 
Programs can be easily altered during debug sessions with- 
out the need for program reassembly and the reprogram- 
ming of PROM memory. Internal UPI-41 registers and flags 
are accessible to the designer for checking program logic. 


A trace buffer stores information on code executed, address, 
register, flag, and |/O operations during real time execution. 
The designer can examine this information after emulation 
is terminated to check the hardware/software interaction of 
his system. 


SPECIFICATIONS 


ICE-41 OPERATING ENVIRONMENT 


Required Hardware: 
Intellec® Microcomputer Development System 
System Console 
Intellec Diskette Operating System 
ICE-41 Module 
Required Software: 
System Monitor 
ISIS-II 
ICE-41 Diskette-Based Software 


ORDERING INFORMATION 
Part Number 


MDS-41-ICE 


Description 


UPI-41 In-Circuit Emulator, 
Cable Assembly and 
Interactive Diskette 
Software included 


13-48 


The ICE-41 Module is a microcomputer system utilizing 
Intel’s UPI-41 microprocessor as its nucleus. This system 
communicates with the Intellec System 8080 processor via 
direct memory access. Host processor commands and 
ICE-41 status are interchanged through a DMA channel. A 
parameter block resident in Intellec System main memory 
contains detailed configuration and status information 
transmitted in an emulation break. 


|CE-41 hardware consists of two PC boards, which reside in 
the Intellec System chassis, and a cable assembly which 
interfaces to the user system. A 40-pin socket on the end of 
the cable assembly plugs directly into the socket provided 
for the user’s UPI-41 device. 


The ICE-41 software is an Intellec System program which 
provides the user with flexible, easy-to-use commands for 
defining breakpoints, initiating emulation, and interrogating 
and altering user system status recorded during emulation. 
A broad range of commands provides the user with maxi- 
mum flexibility in describing the operation to be per- 
formed. 


EQUIPMENT SUPPLIED 


Printed Circuit Boards 

Interface Cables and Buffer Module 
Operator’s Manual 

Schematic Diagram 

ICE-41 Diskette-Based Software 


intel MICROCOMPUTER DEVELOPMENT SYSTEMS 


ICE-48™ 
MCS-48™ IN-CIRCUIT EMULATOR 


Extends Intellec Microcomputer Development Eliminates the need for extraneous debugging tools 
System debug power to user configured system via residing in the user system 

an external cable and 40-pin plug, replacing the 
system MCS-48 device 


Emulates user system MCS-48 device in real time 


Collects bus, register and MCS-48 status informa- 
tion on instructions emulated 


Provides capability to examine and alter MCS-48 


Shares static RAM memory with user system for registers, memory, flag values, and to examine pin 
program debug and port values 

Provides hardware comparators for user desig- Integrates hardware and software efforts early to 
nated break conditions save development time 


The ICE-48 module is an Intellec-resident module that interfaces to any MCS-48 system. The MCS-48 family consists of the 
8048, 8748, and 8035 microcomputers. The ICE-48 module interfaces with an MCS-48 system through a cable terminating 
in an MCS-48 pin-compatible plug which replaces the MCS-48 device in the system. With the ICE-48 plug in place, the 
designer has the capability to execute the system in real time while collecting up to 255 instruction cycles of real time trace 
data. In addition, he can single step the system program to monitor more closely the program logic during execution. Static 
RAM memory is available through the ICE-48 module to emulate MCS-48 program and data memory. The designer can 
display and alter the contents of data and replacement RAM control memory, internal MCS-48 registers and flags; and 1/O 
ports. Powerful debug capability is extended into the MCS-48 system while ICE-48 debug hardware and software remain 
inside the Intellec System. Symbolic reference capability allows the designer to use meaningful symbols rather than absolute 
values when examing and modifying memory, registers, flags, and |/O ports in this system. 
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ICE-48™ MODULE 


DEBUG CAPABILITY INSIDE USER SYSTEM 


The ICE-48 module provides the user with the ability to 
debug a full prototype or production system without 
introducing extraneous hardware or software test tools. 


The ICE-48 module connects to the user system through 
the socket provided for the MCS-48 device in the user 
system. Intellec memory is used for the execution of the 
ICE-48 software. The Intellec console and file handling 
capabilities provide the designer with the ability to 
communicate with the ICE-48 module and display 
information on the operation of the prototype system. 


BATCH TESTING 


In conjunction with the ISIS-II diskette operating system, 
the ICE-48 module can run extensive system diagnostics 
without operator intervention. The designer or test 
engineer can define a complete diagnostic exercise which 
is stored in a file on the diskette. When activated with an 
ISIS-I1 SUBMIT command, this file can instruct the ICE-48 
module to execute the diagnostic routine and store the 
results in another file on the diskette. Results are available 
to the designer at his convenience. In this way, routine 
diagnostics and long term testing can be done without tying 
up valuable manpower. 


INTEGRATED HARDWARE/SOFTWARE 
DEVELOPMENT 


The user prototype need consist of no more than an MCS- 
48 socket and timing logic to begin integration of software 
and hardware development efforts. Through the ICE-48 
module mapping capabilities, Intellec system resources can 
be accessed to replace prototype memory. Hardware 
designs can be tested using the system software which will 
drive the final product. 


The system integration phase, which can be costly when 
attempting to mesh completed hardware and software 
products, becomes a convenient two-way debug tool when 
begun early in the design cycle. 


REAL TIME TRACE 


The ICE-48 module captures trace information while the 
designer is executing programs in real time. The 
instructions executed, program counter, port values for Port 
O, Port 1, and Port 2, and the values of selected MCS-48 
Status lines are stored for the last 255 instruction cycles 
executed. When retrieved for display, code is disassembled 
for user convenience. This provides data for determining 
how the user system was reacting prior to emulation break. 
It is available whether the break was user initiated or the 
result of an error condition. 


For detailed information on the actions of internal registers, 
flags, or other system operations, the user may operate in 
single or multiple-step sequences tailored to system debug 
needs. 
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MEMORY MAPPING 


The 8748 and 8048 contain internal program and data 
memory. Both program and data memory can be expanded 
using external memory devices. 


When the MCS-48 microcomputer is replaced by the ICE- 
48 socket in a system, the ICE-48 module supplies static 
RAM memory as a replacement for the internal 
microcomputer memory. The ICE-48 module has enough 
RAM memory available to emulate up to the total 4K control 
memory capability of the system. The ICE-48 module also 
provides for up to 320 bytes of data memory. 


The ICE-48 module separates replacement control memory 
into 16 256-byte blocks. Replacement external data 
memory consists of one 256-byte block. Each block of 
memory can be defined separately as supplied by the user 
system or supplied by the ICE-48 module. The user may 
assign ICE-48 equivalent memory to take the place of 
external memory not yet supplied in his system. 


During final debug stages when external or resident 8748 
PROM is used for program execution, the designer can load 
the program back to ICE-48 memory to test out program 
changes before reassembly and reprogramming the PROM. 


SYMBOLIC DEBUGGING 


ICE-48 software provides symbolic definition of all MCS-48 
registers, flags, and selected MCS-48 pins. Symbolically 
defined pseudo registers provide access to the sense of 
MCS-48 flipflops which enable time, counter, interrupt, 
and Flag O/Flag 1 options. 


In addition, the user may reference locations in program 
and data memory, or their contents, symbolically. The user 
symbol table which is generated along with the object file 
during a program assembly may be loaded to Intellec 
memory for access during emulation. The user is 
encouraged to add to this symbol table any additional 
symbolic values for memory addresses, constants, or 
variables that he may find useful during system debugging. 
Symbols may be substituted for numeric values in any of 
the ICE-48 commands. 


Symbolic reference is a great advantage to the system 
designer. He is no longer burdened with the need to recall 
or look up addresses of key locations in his program which 
can change with each assembly. Meaningful symbols from 
his source program can be used instead. For example, the 
command: 


GO FROM. START TILL XDATA . RSLT WRITTEN 


begins execution of the program at the address referenced 
by the label START in the designers assembly program. A 
breakpoint is set to occur the first time the microprocessor 
writes to the external data memory location referenced by 
RSLT. The designer does not have to be concerned with the 
physical locations of START and RSLT. The ICE-48 software 
driver supplies them automatically from information stored 
in the symbol table. 


ICE-48™ MODULE 


ICE-48 MODULE BLOCK DIAGRAM 


USER SOCKET 
CABLE 
BUFFER 


rl 
MEM 


INSTR 
SIMULATOR 


8748 
W/INTERNAL 
MONITOR PGM 


PO 
EA.SS 
BREAK 256-BYTE INSTR | 
TIMING DATA MEM DECODE 
HARDWARE 


The ICE-48 module is a microcomputer system utilizing 
Intel’s 8748 microcomputer as its nucleus. The 8748 
provides the MCS-48 emulation characteristics. The ICE- 
48 module uses an Intel® 8080 to communicate with the 
Intellec host procesor via a DMA port. The 8080 also 
controls an internal ICE-48 bus for intramodule communi- 
cation. 


ICE-48 hardware consists of two PC boards, the Controller 
Board and the Emulator Board, which reside in the Intellec 
chassis. A cable interfaces the ICE-48 boards to the MCS- 
48 system. The cable terminates in a MCS-48 pin 
compatible plug which replaces any MCS-48 device in the 
user system. 


REAL TIME TRACE 


While the ICE-48 module is executing the user program, it 
is monitoring port, program counter, data and status lines. 
Values for each instruction cycle executed are stored ina 
255 x 44 real time RAM trace buffer. A resetable timer 
resident on the Controller Board counts instruction cycles 
and provides timing for the trace monitor. 


CONTROLLER BOARD 


The ICE-48 module talks to the Intellec System as a 
peripheral device. The Controller Board receives com- 
mands from the Intellec System and responds through a 
DMA port. 


_ | 
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CONTROL PROCESSOR DATA 


INTERNAL 
TIMER 


CONTROL 
PROGRAM 


8080 
CONTROL 
PROCESSOR 


CONTROL 
PROCESSOR 
INTERFACE 


INTELLEC BUS INTERFACE 


CONTROL 
SCRATCH 
PAD 


Three 15-bit hardware breakpoint registers are available 
which can be loaded by the user. While in emulation mode, 
a hardware comparator is constantly monitoring address 
and status lines for a match which will terminate an 
emulation. 


The breakpoint registers provide a signal when a match is 
detected. The user can disable the emulation break 
capability and use the signal to synchronize other debug 
tools. 


The Controller Board returns real time trace data, MCS-48 
register, flag, and pin values, and ICE-48_ status 
information, to a control block in the Intellec System when 
emulation is terminated. This information is available to the 
user through the ICE-48 interrogation commands. Error 
conditions, when present, are automatically displayed on 
the Intellec System console. 


The Controller Board also contains static RAM memory 
which can be used to emulate MCS-48 program and data 
memory in real time. 4K of memory is available in 16 256- 
byte pages to emulate MCS-48 PROM or ROM program 
memory. A 256-byte page of data memory is available to 
access in place of MCS-48 external data memory. The 
Controller Board address map directs the ICE-48 module to 
access either replacement ICE-48 memory or actual user 
system external memory in 256 byte segments based on 
information provided by the user. 
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ICE-48™ MODULE 


EMULATOR BOARD 


The Emulator Board contains the 8748 and peripheral logic 
required to emulate the MCS-48 device in the user system. 
A software selectable 6 MHz or 3 MHz clock drives the 
emulated MCS-48 device. This clock can be disabled and 
replaced with a user supplied TTL clock in the user system. 


CABLE CARD 


The Cable Card is included for cable driving. It transmits 
address and data bus information to the user system 
through a 40-pin connector which plugs into the user 
system in the socket designed for the MCS-48 device. 


SOFTWARE 


The ICE-48 software driver is a RAM-based program which 
provides the user with an easy-to-use command language 
for defining breakpoints, initiating real time emulation or 
single step operation, and interrogating and altering user 
system status recorded during emulation. The ICE-48 
command language contains a broad range of modifiers 
which provide the user with maximum flexibility in defining 
the operation to be performed. 


The ICE-48 software driver is available on diskette and 
operates in 32K of Intellec RAM memory. 


ICE-48 COMMANDS 


EMULATION COMMANDS: 


ENABLE Activates breakpoint and display registers for 
use with GO and STEP commands. 

GO Initiates real-time emulation and allows user to 
specify breakpoints, and data retrieval. 

STEP Initiates emulation in single instruction incre- 
ments. Each step is followed by a register 
dump. The user may optionally tailor other di- 
agnostic activity to his needs. 

INTERRUPT Emulates user system interrupt. 


INTERROGATION COMMANDS: 


DISPLAY Print contents of memory, MCS-48 device reg- 
isters, 1/O ports, flags, pins, real time trace 
data, symbol table, or other diagnostic data on 
list device. 

CHANGE Alter contents of memory, register, output 
port, or flag. Set or alter breakpoints and dis- 
play registers. 

MAP Define memory status. 

BASE Establish mode of display for output data. 

SUFFIX Establish mode of display input data. 


UTILITY COMMANDS: 


LOAD Fetch user symbol table and object code from 
input device. 

SAVE Send user symbol table and object code to out- 
put device. 

DEFINE Enter symbol name and value to user symbol 
table. 

MOVE Move block of memory data to another area of 


memory. 


13-52 


LIST Define list device. 

EXIT Return program control to ISIS Il. 
EVALUATE Convert expression to equivalent values in 
binary, octal, decimal, and hex. 

REMOVE Delete symbols from symbol table. 
RESET Reinitialize |CE-48 program variables. 


ICE-48™ MODULE 


SPECIFICATIONS 
ICE-48 OPERATING ENVIRONMENT 


Diskette-Based ICE-48 Software 
Required Hardware: 
Intellec® Microcomputer Development System 
System Console 
Intellec Diskette Operating System 
ICE-48 Module 
Required Software: 
System Monitor 
ISIS-II 


EQUIPMENT SUPPLIED 


Printed Circuit Boards 

Interface Cables and Buffer Module 
Operator’s Manual 

Schematic Diagram 

ICE-48 Software, diskette-based version 
SYSTEM CLOCK 


Crystal controlled 6.0 MHz internal, 3.0 MHz internal or 
user supplied TTL external: software selectable. 


ORDERING INFORMATION 


Part Number 
MDS-48-ICE 


Description 


8048 CPU In-Circuit Emulator, Cable As- 
sembly and Interactive Diskette Software 
included 
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PHYSICAL CHARACTERISTICS 


Width: 12.00 in. (30.48 cm) 
Height: 6.75 in. (17.15 cm) 
Depth: 0.50 in. (1.27 cm) 
Weight: 8.00 Ib. (3.64 kg) 


ELECTRICAL CHARACTERISTICS 


DC Power 
Vcc = +5V.+5% 
lec == 10A maximum; 7.0A typical 
Vpop = +12V. +5% 
lbp = 79 mA maximum; 45 mA typical 
VeB -10V 
Ipp = 20mA 


ENVIRONMENTAL CHARACTERISTICS 


O°C to 40°C 
Up to 95% relative humidity 
without condensation 


Operating Temperature: 
Operating Humidity: 
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intel MICROCOMPUTER DEVELOPMENT SYSTEMS 


MDS-EM1 
8021 EMULATION BOARD 


EPROM functional equivalent of 8021 — single Connects to prototype system through 8021 pin 


component 8-bit microcomputer compatible plug 
Based on 8748 — user programmable/erasable 
EPROM 8-bit computer On-card 3.0 MHz or external TTL driven clock 


Operates with ICE-48™ to provide full in-circuit 
debugging of 8021 prototype system Portable 4° X 7”. microcomputer circuit assembly 


The MDS-EM1 emulator board is a ready-to-use 4’ X 7’’ microcomputer circuit assembly that emulates the Intel 8021 micro- 
computer. A 12-inch flat-cable assembly connects the board to the 8021 socket in a prototype system. The board is designed 
so that it can be mounted either as a stand-alone unit, or within the prototype assembly. 


The 8021 microcomputer has 1K X 8 mask-programmable ROM program memory and 64 by 8 RAM data memory. The 
MDS-EM1 is controlled by an Intel 8748, with 1K of EPROM program memory and a 64 byte data memory. The EPROM can 
be programmed and erased repeatedly during hardware and software development. The MDS-EM1 has several ancillary circuits 
that perform the following functions which are specific to the 8021: 


Zero crossing detector 
Crystal controlled clock/buffer 


Port @ simulator 


For prototype debugging, the 8748 can be removed from its socket and replaced with a cable to an INTEL ICE-48. When 
used with the MDS-EM1, ICE-48 emulates the 8021 in real-time, or single-steps the 8021 program at the user’s command. 
A full range of capabilities for examining and modifying 8021 memory and status are supplied through ICE-48. 
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MDS-EM1 


HARDWARE 


The MDS-EM1 emulation board uses the 8748 to perform the 
emulation. 


P@ SIMULATOR 


Port @ of the 8021 is a quasi*-bidirectional port. The P@ simulator 
converts the data bus of the 8748 into a quasi-bidirectional port. 


CRYSTAL CONTROL CLOCK BUFFER 


The MDS-EM1 allows user to select an on-board oscillator ora TTL 
clock driven from the 8021 user’s prototype system via a Cambion 
Suitcase jumper. 


ZERO CROSS DETECTION SIMULATOR 


The zero cross detection simulator enables the 8748's T1 input to 
detect zero-crossings. The circuitry provides a high level signal on 
a positive crossing and a low level signal on a negative crossing of 
zero to the T1 input of the 8748. 


RESET BUFFER 


The 8021 resets on a logic HIGH level signal. However, the 8748 
resets on a logic LOW level, thus an inverter is provided on the 
MDS-EM1 to make the two chips compatible. 


OPTIONAL PULL-UPS 


Resistors are provided to simulate the optional pull-up resistors on 
T1 input and Port @ of the 8021. A removable resistor pack is used 


Jumper Position State ; 
on Port @. The T1 input pull up can be installed by soldering in a 
Wi A—B On-Board 50K resistor. 
C—D External 
TTL Clock 


*A bidirectional port which serves as an input port, output port, 
or both even though outputs are statically latched. 


SOFTWARE 


When emulating the 8021 with MDS-EM1, the user must observe the 
8021 instruction set. 


| OPTIONAL | 
PULL-UP 


PORT @ 
SIMULATOR 


POO — P07 


P10 — P17 
P20 — P28 


ALE 


40 28 
LINES PROG LINES 
CRYSTAL 
: XTAL1 
ICE-48 CONTROL FLAT CABLE 
CLOCK 


CROSSING 
DETECTION 
SIMULATORS 
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MDS-EM1 


SPECIFICATIONS 
OPERATING ENVIRONMENT 
Stand-Alone 

Required Hardware: 


MDS-EM1 emulation board 


In-Circuit Emulation 
Required Hardware: 
MDS-EM1 emulation board 
Intellec Microcomputer Development System configurated 
to support ICE-48 
EQUIPMENT SUPPLIED 
MDS-EM1 printed circuit board 


12” long flat cable terminating in 28-pin plug, pin compatible 
with 8021 


MDS-EM1 Operator’s Manual 


ORDERING INFORMATION 
Part Number 
MDS-EM1 


Description 


8021 Emulation Board 
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SYSTEM CLOCK 


Crystal controlled 3.0 MHz on board or user supplied TTL external 
clock: hardware jumper selectable. 


PHYSICAL CHARACTERISTICS 


Width: 7.0 in. (17.78 cm) 
Height: 4.0 in. (10.16 cm) 
Depth: 0.75 in. (1.91 cm) 
Weight: <1.0 Ibs. (0.45 kg) 


ELECTRICAL CHARACTERISTICS 


DC Power: 


Vec 5V + 5% 


loc 300 mA (max.) 


ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature: 0 — 55°C 


Operating Humidity: up to 95% relative humidity without conden- 
sation 


intel 


MICROCOMPUTER DEVELOPMENT SYSTEMS 


ICE-80™ 
8080 IN-CIRCUIT EMULATOR 


Connects Intellec® System to user configured sys- 
tem via an external cable and 40-pin plug, replacing 
the user 8080 


Allows real-time (2 MHz) emulation of the user 
system 8080 


Allows user configured system to share Intellec 
RAM, ROM and PROM memory and Intellec I/O 
facilities 


Checks for up to three hardware and four software 
break conditions 


Offers full symbolic debugging capabilities 


Eliminates the need for extraneous debugging tools 
residing in the user system 


Provides address, data and 8080 status information 
on last 44 machine cycles emulated 


Provides capability to examine and alter CPU regis- 
ters, main memory, pin and flag values 


Integrates hardware and software development 
efforts 


Available in diskette or paper tape versions 


The Intellec In-Circuit Emulator/80 (ICE-80) is an Intellec resident module that interfaces to any user configured 8080 sys- 
tem. With ICE-80 as a replacement for a prototype system 8080, the designer can emulate the system’s 8080 in real time, 
single-step the system’s program, and substitute Intellec memory and I/O for user system equivalents. Powerful Intellec debug 
functions are extended into the user system. For the first time the designer may examine and modify his system with sym- 


bolic references instead of absolute values. 
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INTEGRATED HARDWARE/ 
SOFTWARE DEVELOPMENT 


The user prototype need consist of no more than an 8080 
CPU socket and a user bus to begin integration of soft- 
ware and hardware development efforts. Through ICE-80 
mapping capabilities, system resources can be accessed 
for missing prototype hardware. Hardware designs can be 
tested using the system software which will drive the final 
product. 


The system integration phase, which can be so costly and 
frustrating when attempting to mesh completed hardware 
and software products, becomes a convenient two-way 
debug tool when begun early in the design cycle. 


SYMBOLIC DEBUGGING 


ICE-80 allows the user to make symbolic references to 
memory addresses and data in his program. Symbols may 
be substituted for numeric values in any of the ICE-80 
commands. The user is relieved from looking up addresses 
of variables or program Subroutines. 


The user symbol table generated along with the object file 
during a PL/M compilation or a MAC80 or resident 
assembly, is loaded to memory along with the user pro- 
gram which is to be emulated. The user may add to 
this symbol table any additional symbolic values for 
memory addresses, constants, or variables that are found 
useful during system debugging. By referring to symbolic 
memory addresses, the user can be assured of examining, 
changing, or breaking at the intended location. 


ICE-80 provides symbolic definition of all 8080 registers, 
flags, and selected pins. The following symbolic references 
are also provided for user convenience: TIMER, a 16-bit 
register Containing the number of @9 clock pulses elapsed 
during emulation; ADDRESS, the address of the last 
instruction emulated; INTERRUPTENABLED, the user 
8080 interrupt mechanism status; and UPPERLIMIT, the 


highest RAM address that can be occupied by user mem- 


ory. 


DEBUG CAPABILITY 
INSIDE USER SYSTEM 


ICE-80 provides the user with the ability to debug a full 
prototype or production system without introducing 
extraneous hardware or software test tools. 


ICE-80 connects to the user system through the socket 
provided for the user 8080 in the user system. Intellec 
memory is used for the execution of the ICE-80 soft- 
ware, while I/O provides the user with the ability to 
communicate with ICE-80 and receive information on the 
operation of the user system. 


MEMORY AND 
1/0 MAPPING 


Memory and I/O for the user system can be resident in the 
user system or “borrowed” from the Intellec System 
through ICE-80’s mapping capability. 


ICE-80 separates user memory into 16 4K blocks. User 
\/O is divided into 16 16-port blocks. Each block of mem- 
ory or I/O can be defined independently. The user may 
assign system equivalents to take the place of devices not 
yet designed for the user system during prototyping. In 
addition, memory or !/O can be accessed in place of 
suspect user system devices during prototype or produc- 
tion checkout. 


The user can also designate a block of memory or I/O as 
nonexistent. ICE-80 issues error messages when memory 
or |1/O designated as nonexisting is accessed by the user 
program. 


ICE-80 INSTALLED IN USER SYSTEM 


REAL TIME TRACE 


ICE-80 captures valuable trace information while the user 
is executing programs in real time. The 8080 status, the 
user memory or port addressed, and the data read or 
written (snap data), is stored for the last 44 machine 
cycles executed. This provides ample data for determining 
how the user system was reacting prior to emulation 
break. It is available whether the break was user initiated 
or the result of an error condition. 


For detailed information on the actions of CPU registers, 
flags, or other system operations, the user may operate in 
single or multiple-step sequences tailored to system debug 
needs. 


ICE-80"™ 


HARDWARE 


The heart of ICE-80 is a microcomptuer system utilizing 
Intel’s 8080 microprocessor as its nucleus. This system 
communicates with the Intellec® host processor via 1/O 
commands. Host processor commands and ICE-80 status 
are interchanged through registers on the ICE-80 Trace 
Board. ICE-80 and the system also communicate through 
a Control Block resident in the Intellec® main memory 
which contains detailed configuration and status infor- 
mation transmitted at an emulation break. 


1CE-80 hardware consists of two PC boards, the Processor 
and Trace Boards, residing in the Intellec® chassis, and a 
6-foot cable which interfaces to the user system. The 
Trace and Processor Boards communicate with the system 
on the bus, and also with each other on a separate ICE-80 
bus. ICE-80 connects to the user system through a cable 
that plugs directly into the socket provided for the user’s 
8080. 


TRACE BOARD 


The Trace Board talks to the system as a peripherai 
device. It receives commands to ICE-80 and returns 
ICE-80 responses. 


While ICE-80 is executing the user program, the Trace 
Board collects data for each machine cycle emulated (snap 
data). The information is continuously stored in high- 
speed bipolar memory. 


The Trace Board also contains two 24-bit hardware break- 
point registers which can be loaded by the user. While in 
emulation mode, a hardware comparitor is constantly 
monitoring address and status lines for a match which will 
terminate an emulation. A user probe is also available 
which can be attached to any user signal. When this signal 
goes true a break condition is recognized. 


The Trace Board signals the Processor Board when a com- 
mand to ICE-80 or break condition has been detected. 
The ICE-80 CPU then sends data stored on the Trace 
Board to the Control Block in memory. Snap data, along 
with information on 8080 registers and pin status, and 
the reason for the emulation break are then available for 
access during interrogation mode. Error conditions, if 
present, are transmitted and automatically displayed for 
the user. 


PROCESSOR BOARD 


An 8080 CPU resides on the Processor Board. During 
emulation it executes instructions from the user’s pro- 
gram. At all other times it executes instructions from the 
control program in the Trace Module’s ROM. 


The Processor Board contains an internal Clock Generator 
that provides the clocks to the user emulation CPU at 2 
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MHz. The CPU can alternately be driven by a clock de- 
rived from user system signal lines. The clock source is 
selected by a jumper option on the board. A timer on the 
Trace Board counts the $9 clock pulses during emulation 
and can provide the user with the exact timing of the 
emulation. 


The Processor Board turns on an emulation when ICE-80 
has received a RUN command from the system. It termi- 
nates emulation when a break condition is detected on the 
Trace Board, or the user’s program attempts to access 
memory or I/O ports designated as nonexistent in the user 
system, or the user 8080 is inactive for a quarter of a 
second. 


The Address Map located on the Processor Board stores 
the assigned location of each user memory or |/O block. 
During emulation the Processor Board determines whether 
to send/receive information on the Intellec or User bus by 
consulting the Address Map. The Processor Board allows 
the ICE-80 CPU to gain access to the bus as a master to 
“borrow” Intellec facilities. At an emulation break, the 
Processor Board stores the status of specified 8080 input 
and output signals, disables all interaction with the user 
bus, and commands the Trace Board to send stored infor- 
mation to a Control! Block in Intellec memory for access 
during interrogation mode. 


CABLE CARD 


The Cable Card is included for cable driving. It transmits 
address and data bus information to the user system 
through a 40-pin connector which plugs into the user sys- 
tem in the socket designed for the 8080 when enabled by 
the Processor Module’s user bus control logic. 


SOFTWARE 


The ICE-80 software driver (ICE80SD) is a RAM-based 
program which provides the user with easy-to-use English 
language commands for defining breakpoints, initiating 
emulation, and interrogating and altering user system 
status recorded during emulation. |CE-80 commands are 
configured with a broad range of modifiers which provide 
the user with maximum flexibility in describing the 
operation to be performed. 

ICE80SD is available in both paper tape and diskette- 
based versions. The diskette-based version, which is sup- 
plied on a System Diskette for operation with the 
Intellec Diskette Operating System, provides expanded 
capabilities for retrieving and storing user programs, as 
well as the standard peripherals available in the paper 
tape version. 


= 
ud 
| et 
Tp) 
> 
” 
= 
a 
= 


SUPPORT 


SUPPORT 


= 
ti 
— 
Ww 
ps 
'e) 
aT 
Qa 
= 


ICE-80™ 
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EMULATION COMMANDS: 


GO 


STEP 


RANGE 


CONTINUE 
CALL 


Initiates real-time emulation and allows 
user to specify breakpoints, data retrieval, 
and conditions under which emulation 
should be reinitiated. 


Initiates emulation in single or multiple 
instruction increments. User may specify 
a register dump or tailor diagnostic activ- 
ity to his needs following each step, and 
define conditions under which stepping 
should continue. 


INTERROGATION COMMANDS: 


BASE 


DISPLAY 


Delimits blocks of instructions for which LOAD 
register dump or tailored diagnostics are 
to occur. SAVE 
Resume real-time emulation. 
Emulate user system interrupt. EQUATE 
FILL 

Establish mode of display for output MOVE 
data. 
Print contents of memory, 8080 registers, TIMEOUT 
input ports, 8080 flags, 8080 pins, snap 
data, symbol table, or other diagnostic 
data on list device. Can also be used for LIST 
base-to-base conversion, or addition or 
subtraction in any base. EXIT 

16 ADDRESS 

8 DATA OUT 

8 DATAIN 

CONTROL 

Shee atest aes eee 


1K: 8 
CONTROL 
ROM 


COMMAND | 

AND ; 
STATUS scale ne | 
REGISTER | 
| 


1CE-80 TRACE BOARD 


CONTROL 
8 DATA BITS INTELLEC BUS 
16 ADDRESS BITS 


CHANGE 


XFORM 
SEARCH 


Alter contents of memory, register, out- 
put port, or 8080 flag. 


Define memory and I/O status. 


Look through memory range for specified 
value. 


UTILITY COMMANDS: 


ICE-80 BUS 


| 

| BUS CONTROL 
(MASTER) 

| 

| 


Fetch user symbol table and object code 
from input device. 


Send user symbol table and object code 
to output device. 


Enter symbol name and value to user 
symbol table. 


Fill memory range with specified value. 


Move block of memory data to another 
area of memory. 


Enable/disable user CPU 1/4 second wait 
state timeout. 


Define list device (diskette-based version 
only). 


Return program control to monitor. 


40-PIN 
SOCKET 
BUFFER BD 
CABLE ASSY 


ARE Se RE Ei, ere, Sere) ee _ 

| 

RUN USER | 
EMULATION BUS 

CONTROL CONTROL | 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

ADDRESS | 
MAP 

| 

ICE-80 PROCESSOR BOARD | 

——=————— ae om | 


FUNCTIONAL BLOCK DIAGRAM OF ICE-80 MODULE 
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ICE-80'™ MODULE 


SAMPLE, ICE-80 DEBUG SESSION 


ISIS 8080 MACRO ASSEMBLER, V1.0 PAGE 1 


; USER PROGRAM TO OUTPUT A SERIES OF 
; CHARACTERS TO SDK-80 CONSOLE DEVICE 


1320 ORG 1320H 

01E3 co EQU 1E3H ; SOK-80 CONSOLE OUT DRIVER 

1320 0601 START: MVI B,1 ; SET UP B VALUE 

1322 3A3613 LDA DAT1 ; LOAD A WITH DAT1 VALUE 

1325 4F LOOP: MDV C,A 

1326 CDE301 CALL Co ; SEND C VALUE TO CONSOLE 

132979 MOV A,C ;RESTORE A 

132A 93 SBB B ; SUBTRACT B FROM A 

132B 323713 STA RSLT ; STORE RESULT IN RSLT 

132E FE40 CPI 40H ; LAST VALUE TO PRINT 

1330 C22513 JINZ LOOP ; LOOP AGAIN IF A -40H 

1333 C32013 JMP START ; ELSE RESTART WHOLE PROCEDURE 
1336 5A DAT: DB 5AH 

1337 RSLT: DS 1 

0000 END 

ISIS, V1.0 INITIAL ICE-80 SESSION 

-ICE80 (Note: The SDK-80 Monitor has already been used to initialize the SDK-80 Board) 


ISIS ICE-80, V1.0 
@) **XFORM MEMORY 0 TO1U 
*XFORM IO OFH U 
@) *LOAD PROG. HEX 
ERR-067 
STAT=11H TYPE=06H CMND-07H ADDR-1320H GOOD 06H BAD-04H 
“CHANGE MEMORY 1321H-FFH 
ERR=067 
STAT=11H TYPE=06H CMND-07H ADDR=1321H GOOD-FFH BAD-FDH 
*LOAD PROG. HEX 
@) *GO FROM START UNTIL RSLT WRITTEN 
EMULATION BEGUN 
ERR=067 
STAT=11H TYPE=07H CMND=02H 
© *DISPLAY CYCLES5 


STAT-A2H ADDR-1326H DATA. CDH 
STAT-82H ADDR: 1327H DATA-E3H 
STAT=82H ADDR-1328H DATA-01H 
STAT=04H ADDR=FFFFH DATA=13H 
STAT=04H ADDR=FFFEH DATA=29H 
*CHANGE DOUBLE REGISTER SP-13FFH 
*BASE HEX 
*EQUATE STOP=1333H 
@ *GO FROM START UNTIL STOP EXECUTED THEN DUMP 
EMULATION BEGUN 
B=01H C=41H D=0CH E=00H H-=O00H L=00H F=56H A-40H P=1320H *=1333H S=13FFH 
EMULATION TERMINATED AT 1333H 
*EXIT 
*FFFF 


© 


Set up user memory and |/O. The program is set up to execute in block 1 (1000H—1FFFH) of user memory, and requires access to the 
SDK-80 monitor (block 0) and I/O ports in block OFH. Both ports and memory are defined as available to the user system. All other 
memory and 1/O is initialized by ICE-80 as nonexistent (guarded). 

A load command generates an error. The type and command numbers indicate that a data mismatch occurred on a write to Memory com- 
mand. The data to be written to address 1320H should have been O6H. When ICE-80 read the data after writing it, aO4H was detected. 
A change command to a different memory address hints that bit 1 does not go to 1 anywhere in this memory block. Examination indi- 
cates that a pin was shorted on the RAM located at 1300H—13FFH in the prototype system. The problem is fixed and a subsequent 


load succeeds. 

A real-time emulation is begun. The program is executed FROM ‘START’ (1320H) and continues UNT/L ‘RSLT’ is written (in location 
1328H, the contents of the accumulator is stored in (written into) ‘RSLT’). 

An error condition results: TYPE 07, CMND O2 indicate the program accessed a guarded area. 

The last 5 machine cycles executed are displayed. The last instruction executed was a call (CDH). The fourth and fifth cycles are a push 
operation (designated by status 04H) to store the program counter before executing the call. The stack pointer was not initialized in the 
program and is accessing memory location FFFFH. 

After making a note to initialize the stack pointer in the next assembly, a temporary fix is effected by setting the stack pointer to the top 
of user available memory. 


After setting the base for displays to hex and adding the symbol ‘STOP’ to the symbol table, emulation is started which will terminate 
when the instruction at 1333H (‘STOP’) is executed. When emulation terminates, a DUMP of the contents of user 8080 registers is 
requested. One can see that the value of the accumulator is set at 40H, the stack pointer is set at 13FFH, the last address executed (*) is 
1333H, and the program counter has been set to 1320H. 


EXIT returns control to the MDS monitor. 
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ICE-80'™” MODULE 


a sa 


ICE80SD OPERATING ENVIRONMENT SYSTEM CLOCK 
Paper Tape-Based ICE80SD Crystal controlled 2.185 MHz 0.01%. May be replaced 
R a ee by user clock through jumper selection. 

equired Hardwa 


Intellec® System PHYSICAL CHARACTERISTICS 
System console Width: 12.00 in. (30.48 cm) 

Reader device Height: 6.75 in. (17.15 cm) 

Punch device Depth: 0.50 in. (1.27 cm) 

ICE-80 Weight: 8.00 1b (3.64 kg) 


Required Software: 


S ; ELECTRICAL CHARACTERISTICS 
ystem monitor 
DC Power: 
Diskette-Based ICE80SD Veco = +5V, +5% 
Required Hardware: Ice = 9.81A maximum; 6.90A typical 
Intellec® System Vop = +12V, +5% 
32K bytes RAM memory Ipp = 79mA maximum; 45 mA typical 
System console Veg = -9V, +5% 
itd Floppy Disk Drive Iga. = 1mA maximum; 1 UA typical 
Required Software: ENVIRONMENTAL CHARACTERISTICS 
System monitor Operating Temperature: O°C to 40°C 
ISIS Diskette Operating System Operating Humidity: Up to 95% relative humidity 
EQUIPMENT SUPPLIED without condensation 
Printed Circuit Modules (2) CONNECTORS 
Interface Cables and Buffer Board Edge Connector: CDC VPB0O1E32A00A1 


Hardware Reference Manual 

Operator’s Manual 

Schematic Diagram 

ICE-80 Software Driver, paper tape version 
(1\CE-80 Software Driver, disketted-based version is 
supplied with Diskette Operating System) 


ORDERING INFORMATION 
Part Number Description 


MDS-80-ICE 8080 CPU In-Circuit Emulator, cable as- 
sembly and interactive software included. 
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intel MICROCOMPUTER DEVELOPMENT SYSTEMS 


ICE-85™ 
MCS-85" IN-CIRCUIT EMULATOR 


Connects the Intellec® System Resources to the Displays trace data from the user’s 8085 in assem- 
user-configured system via a 40-pin adaptor plug bler mnemonics and allows personality groupings 
of data sampled by the external 18-channel trace 

Executes user system software in real-time module 

Allows user-configured system to share Intellec® 

memory and 1/O facilities Extends ICE capabilities to the rest of the proto- 
type system peripheral circuitry by allowing the 

Provides 1023 states of 8085 trace data plus 18 user to execute his own peripheral chip analysis 

additional logic signals via an External Trace Mod- routines 

ule 


Offers full symbolic debugging capability for both Provides ability to examine and alter MCS-85'™ 
assembly language and Intel’s high-level compiler registers, memory, flag values, interrupt bits and 
language, PL/M-80 1/O ports 


The ICE-85 module resides in the Intellec® Microcomputer Development System and interfaces to the user system’s 8085. In 
addition, an external trace module provides access to user system peripheral circuitry via a user-configured DIP clip for periph- 
eral ICs or may be attached to as many as 18 separate prototype signal nodes via individual probe clips. Using the ICE-85 
module, the designer can execute prototype software in real-time or single-step mode and can substitute Intellec® system 
memory and I/O for user system equivalent. ICE capability can be extended to the rest of the user system peripheral circuitry 
by allowing the user to create and execute a library of user-defined peripheral chip analyzer routines. All user access to the 
prototype system software may be done symbolically by assigning names to program locations and data, |/O ports and groups 
of external trace signals. For the first time, in-circuit emulation extends beyond the user’s prototype CPU to the entire user’s 
system, allowing In-System Emulation. 
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MCS-85"™ IN-CIRCUIT EMULATOR 


SYMBOLIC DEBUGGING CAPABILITY 


ICE-85 allows the user to make symbolic references to I/O 
ports, memory addresses and data in his program. Symbols 
and PL/M statement number may be substituted for numer- 
ic values in any of the ICE-85 commands. The user is re- 
lieved from looking up addresses of variables or program 
subroutines. 


The user symbol table generated along with the object file 
during a PL/M-80 compilation or by the ISIS-I! 8080/8085 
Macro Assembler is loaded into the Intellec® System mem- 
ory along with the user program which is to be emulated. 
The user may add to this symbol table any additional 
symbolic values for memory addresses, constants, or vari- 
ables that are found useful during system debugging. By 
referring to symbol memory addresses, the user can exam- 
ine, change or break at the intended location. 


ICE-85 provides symbolic definition of all 8085 registers, 
interrupt bits and flags. The following symbolic references 
are also provided for user convenience: TIMER, the low- 
order 16 bits of a register containing the number of 2 MHz 
clock pulses elapsed during emulation; HTIMER, the high- 
order 16 bits of the timer counter; PPC, the address of the 
last instruction emulated; BUFFERSIZE, the number of 
frames of valid trace data (between 0 and 1022). 


PERSONALITY GROUPED DISPLAYS 


Trace data in the 1023 by 42-channel real-time trace mem- 
ory buffer is displayed in easy to read format. The user has 
the option to specify trace data displays in actual 8085 
assembler instruction mnemonics. The data collected from 
the External Trace Module can be grouped and symbolic- 
ally named according to user specifications and displayed in 
the appropriate number base designation. Simple ICE-85 
commands allow the user to select any portion of the 42K- 
bit trace buffer for immediate display. 


MEMORY AND I/O MAPPING 


Memory and I/O for the user system can be resident in the 
user system or “borrowed” from the Intellec® System 
through ICE-85’s mapping capability. 


ICE-85 separates user memory into 32 2K blocks. Each 
block of memory can be defined independently. The user 
may assign Intellec® System equivalents to take the place 
of devices not yet designed for the user system during pro- 
totyping. In addition, Intellec® System memory or I/O can 
be accessed in place of suspect user system devices during 
prototyping or production checkout. 


The user can also designate a block of memory or I/O as 
nonexistent. ICE-85 issues error messages when memory 
or |/O designated as nonexistent is accessed by the user 
program. 


INTEGRATED HARDWARE/SOFTWARE 
DEVELOPMENT 


The user prototype need consist of no more than an 8085 
CPU socket and a user bus to begin integration of software 
and hardware development efforts. Through ICE-85 map- 
ping capabilities, Intellec® System equivalents can be 
accessed for missing prototype hardware. Hardware designs 
can be tested using the system software which will drive the 
final product. 


The system integration phase, which can be so costly when 
attempting to mesh completed hardware and software 
products, becomes a convenient two-way debug tool when 
begun early in the design cycle. 


TYPICAL ICE INTERROGATION AND 
UTILITY COMMANDS 


DISPLAY/ Display/Changes the values of symbols and 

CHANGE the contents of 8085 registers, pseudo- 
registers, status flags, interrupt bits, |/O ports 
and memory. 


EVALU- Displays the value of an expression in the 

ATE binary, octal, decimal or hexadecimal. 

SEARCH Searches user memory between locations in a 
user program for specified contents. 

CALL Emulates a procedure starting at a specified 
memory address in user memory. 

ICALL Executes a user-supplied procedure starting at 
a specified memory address in the Intellec® 
System memory. 

EXECUTE Saves emulated program registers and emu- 


lates a user-supplied subroutine to access 
peripheral chips in the user’s system. 
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MCS-85™ IN-CIRCUIT EMULATOR 


REAL TIME TRACE 


ICE-85 captures valuable trace information from the emu- 
lating CPU and the External Trace Module while the user is 
executing programs in real time. The 8085 status, the user 
memory or port addressed, the data read or written, the 
serial data lines and data from 18 external signals, is stored 
for the last 1023 machine states executed (511 machine 
cycles). This provides ample data for determining how the 
user system was reacting prior to emulation break. It is 
available whether the break was user-initiated or the result 
of an error condition. 


For detailed information on the actions of CPU registers, 
flags, or other system operations, the user may operate in 
single or multi-step sequences tailored to system debug 
needs. 


EMULATION CONTROLS AND COMMANDS 


GROUP Defines into a symbolically named group, a 
channel or combination of channels from the 
8085 Microcprocessor and/or the External 


Trace Module. 


GO Initiates real-time emulation and controls 
emulation break conditions. 


STEP Initiates emulation in single instruction steps. 
User may specify the type and amount of 
information displayed. following each step, 
and define conditions under which stepping 


should continue. 


PRINT Prints the user-specified portion of the trace 


memory to the selected list device. 


EXTERNAL TRACE MODULE 


TTL level signals from 18 points in the user system may be 
synchronously sampled by the External Trace Module and 
collected in ICE-85’s trace buffer. The signals can be col- 
lected from a single peripheral chip via the supplied 40-pin 
DIP clip or may be placed by the user on up to 18 separate 
signal nodes using the supplied 18 individual probe clips. 
These signals are included in the 42-channel breakpoint 
comparisons and clock qualifiers. Also, data from these 
18 channels may be displayed in each to read, user-defined 
groupings. 


SYNCHRONOUS OPERATION WITH OTHER DESIGN 
AIDS 


ICE-85 can be synchronized with other Intellec® design 
aids by means of two external synchronization lines. These 
lines are used to enable and disable ICE-85 trace data 
collection and to cause break conditions based on an 
external signal which may not be included in the ICE-85 
breakpoint registers. In addition, |CE-85 can generate sig- 
nals on these lines which may be used to control other 
design aids. 


BREAK REGISTERS/TRACE MEMORY 


ICE-85 has two breakpoint registers which are used to 
break emulation, and two trace qualifier registers which are 
used to control the collection of trace data during emula- 
tion. Each register is 42 entries wide, one entry for each 
channel and each entry can take any one of the three values 
0, 1 or ‘don’t care”. 


The trace buffer, also 42 entries wide, collects data sampled 
from 24 8085 processor channels and 18 external channels 
sampled by the External Trace Module. The signals col- 
lected from the 8085 include address lines, data lines, status 
lines and serial input and output lines. The 18 channels 
extending from the External Trace Module synchronously 
sample and collect into the trace buffer any user-specified 
TTL compatible signal from the rest of the prototype 
system. ‘’Break’’ and ‘‘trace qualification’’ may therefore 
occur as a result of a match of any combination of up to 42 
channels of CPU and external circuitry signals. 
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MCS-85™ IN-CIRCUIT EMULATOR 


SPECIFICATIONS 

ICE-85 OPERATING ENVIRONMENT PHYSICAL CHARACTERISTICS 

Diskette-Based ICE-85 Software Printed Circuit Boards: 

Required Hardware: Width: 12.00 in. (30.48 cm) 
Intellec® Mi for Devel ¢ System Height: 6.75 in. (17.15 cm) 
ntellec icrocomputer Development Syste Depth: O50 in, (1.27 em) 


System Console 


Intellec®-Diskette Operating System Packaged Weight: 6.00 1b (2.73 kg) 


ICE-85 Module 
Required Software: ELECTRICAL CHARACTERISTICS 
System Monitor 
ISIS-II DC Power: 
Vec = +5V +5% 
| = 12A maximum; 10A typical 
EQUIPMENT SUPPLIED ee ' y 
Vpop = +12V +5% 
18-Channel External Trace Module Ipp = 80 mA maximum; 60 mA typical 
Printed Circuit Boards (2) Vep = -10V +5% 
Interface Cable and Emulation Buffer Module Igg = 30mA maximum; 10 UA typical 


Operator’s Manual 
ICE-85 Software, Diskette-Based Version 
ENVIRONMENTAL CHARACTERISTICS 
EMULATION CLOCK Operating Temperature: 0° to 40°C 
User’s system clock or ICE-85 adaptor socket Operating Humidity: Up to 95% relative humidity with- 
(6.144 MHz Crystal) out condensation. 


INTELLEC BUS 


512 BYTES MDS BUS MDS BUS 


ICE-85 CONTROL BOARD 


l 

| ICE-85 
2MH 

1 | cock CONTROLLER 

| PROCESSOR 

l 

| 


| Lt synco 
DATA USER 
ELECTION 
Tae il BREAKPOINT os 
REGISTERS | 
QUALIFIER 


REGISTERS 
CHIP DATA | 


| 

| 

ei ech ceca oan neem cece nd tees 
| TRACE DATA 

| CONTROL | 

| FORCE TRACE | | 


TO USER'S 
SOCKET 

°> CONTROL | 
ADDRESS | 
| 

| O SYNC 1 

ICEBSTRACEBOARD - 8085 CHIPCONTROLLER. ~~ ~————O—SO—OO 
| i — — = = ow ae ee eee eee ala | 


| 18 USER TRACE 
SIGNAL BUFFERS fasted baba 


L I 
18 EXTERNAL TRACE BUFFER 


ICE-85 BLOCK DIAGRAM 


ORDERING INFORMATION 
Part Number Description 


MDS-85-ICE 8085 CPU In-Circuit Emulator and 
18-Channel External Trace Module 
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INSITE™ 
USER’S PROGRAM LIBRARY 


= Programs for 8008, 8080, 8085 and 8048 Pro- = Hundreds of programs 
cessors 


= For each accepted program submittal, Insite will 
provide either a one year free membership, five 
free paper tapes or free program diskette. 


= Updates of new programs sent every other 
month 


= Diskette, Paper Tapes, and Listings available for 
Library programs = 4004/4040 Library also available 


Insite ™ , Intel’s Software Index and Technology Exchange, is a collection of programs, subroutines, procedures and macros 
written by users of Intel’s 8008, 8080, 8085, and 8048 microcomputers, SBC 80 OEM computer systems, and Intellec® 
development systems. Thanks to customer contributions to Insite™™, Intel is able to make these programs available to all 
users of Intel microcomputers. By taking advantage of the availability of these general-purpose routines, the microcomputer 
design engineer and programmer can save many hours of programming and debugging time. The library 6f programs also serves 
as a good learning tool for those unfamiliar with Intel assembly language or PL/M, Intel’s high-level language for the 8008, 
8080, and 8085 microcomputers. 


RRNA Re DORR ONY ACCME ARTO. fy 


Sommerer 2000820 


LIBRARY PROGRAMS AVAILABLE ON PAPER TAPE AND DISKETTE 
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INSITE'™ USER’S PROGRAM LIBRARY 


INSITE ™ PROGRAM LIBRARY MANUAL 


Each member will be sent the Program Library Manual 
which is a collection of source listings of library programs 
three pages and under. Longer programs are represented by 
an abstract which indicates the function of the routine, 
required hardware and software, and memory requirements. 


User’s Library members will be updated regularly with new 
programs submitted to Insite’ during the subscription 
period. Please refer to the Intel OEM Price List for yearly 
subscription fee. 


PROGRAM LIBRARY SERVICES 


PAPER TAPES AND LISTINGS are available for programs 
in Insite". A handling fee will be charged for each paper 
tape and listing. Ordering information can be found in the 
Program Library Manual. 


DISKETTE — Source of most User’s Library programs are 
available on system diskettes. A three program minimum is 
required on all diskette orders, with the exception of Sec- 
tion 9. 


4004/4040 PROGRAM LIBRARY MANUAL 


4004/4040 User’s Library members will be sent the 4004/ 
4040 program library manual. Updates will be issued as 
new programs are contributed. Paper tapes and diskette are 
not available for 4004/4040 programs. Please refer to the 
Intel OEM Price List for yearly subscription fee. 


MEMBERSHIP 


Membership in Insite' is available on an annual basis. 
Users may become a member through program contribu- 
tion or membership fee. New members should use the mem- 
bership form on the back of this data sheet. 


PROGRAM SUBMITTAL 


Programs submitted for our review must follow the guide- 
lines listed below: 


1. Programs must be written in a standard Intel Assembly 
Language or PL/M. These languages are documented in 
the following manuals: 


#98-019B 


Programming Manual 


a. 8008 Assembly Programming Manual 


b. 8080 Assembly Language 
#98-004C 


c. 4004/4040 Assembly Language Programming Manual 
#98-025A 


d. 8008/8080 PL/M Programming Manual #98-108A 
e. PL/M-80 Programming Manual #98-268 
f. MCS-48 Assembly Language Manual #98-255 
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PROGRAM SUBMITTAL (Cont) 


2. A source listing of the program must be included. This 
must be the output listing of a compile or assembly. 
All accepted programs should assemble or compile 
correctly with no syntax errors. No consideration will 
be given to partial programs or duplication of existing 
programs. 


3. A test program which assures the validity of the con- 
tributed program must be included. This must show 
the correct operation of the program. 


4. A source paper tape or diskette of the contributed pro- 
gram is required. This will be used for the reproduction 
of tapes for other members. 


Complete the Submittal Form as follows: (please type or 
print) 


a. Processor (check appropriate box). 


b. Program title: Name or brief description of program 
function. 


c. Function: Detailed description of operations per- 
formed by the program. Attach additional pages if 
necessary. 


d. Required hardware: 


TTY or Port 0 and 1 

Interrupt Circuitry 

|/O Interface 

Machine line and configuration for 
cross products 


For example: 


e. Required software: 


For example: TTY Driver 
Floating Point Package 
Support software required for cross 
products 


f. Input parameters: Description of register values, 
memory areas or values accepted from input ports. 


g. Output results: Values to be expected in registers, 
memory areas or on output ports. 
h. Program details: (for resident products only) 
(1) Register modified 
(2) RAM required (bytes) 
(3) ROM required (bytes) 
(4) Maximum subroutine nesting level 


i. Assembler/Compiler used: 


For example: PL/M 
Intellec MDS Macro Assembler 
IBM 370 Fortran IV 


j. Programmer company and address. 


INSITE’ USER’S LIBRARY PARTIAL PROGRAM INDEX 


3-Byte Positive Fractional Multiply 

8-Bit Multiply and Divide 

8-Bit Random Number Generator 

12 x 12 Multiply 

16-Bit 2’s Complement Signed Multiplica- 
tion 

16-Bit CRC for Polynomial X16+12+X5+1 

16-Bit Division — 16-Bit Result 

16-Bit Division — 16-Bit Result 

16-Bit Multiply — 16-Bit Result 

16-Bit Multiply — 16-bit Result 

16-Bit Multiply — 32-Bit Result 

16-Bit Random Number Generator 

16-Bit Square Root Routine 

32-Bit Binary to BCD Conversion, Leading 
Zero Blanking 

32-Bit Divide Subroutine 

4040 Cross Assembler for Intellec 8/MOD 
80 and MDS-800 

2708 PROM Programmer for Intellec 8/ 
MOD 80 

8080 Cross Assembler for Intel 8080/8085 
Microprocessors 

8008 Cross Inverse Assembler for HP 2100 

8008 Disassembler 

8008 MACRO Definition Set for Assembly 
on PDP-11 

8008 MACRO Assembler Version 2.0 

8080 MACRO Assembler 4.1 

8080 CPU Exercise Routine 

8080 Cross Assembler for Tektronics 4051 

8080 Double Precision ARC Tangent 

8080 Disassembler 

8080 Disassembler 

8080 Fioating Point Extended Math Pack- 
age 

8080 Floating Point Package with BCD Con- 
version Routine 

8080 Idle Analyzer for Approximating CPU 
Utilization 

8080 |/O System Status Display 

8080 Least Squares Quadratic Fitting Rou- 
tine 

8080 RAM Memory Test 

8080 Symbol! Table Dump 

9600 Initialize CRT and Uart for Baud 


ADCCP Remainder Routine 

A/D Converter Routine 

Adaptive Game Program 

Algebraic Compare Subroutine 

APL Graphic Display on a5 X 7 Dot Matrix 

Approximating Routine 

Arctan 2 Subroutine 

ASCII Display 

Absorbance Calculation 

ASCII to EBCDIC and EBCDIC to ASCII 
Converters 

Assembler Oriented Centronics 306 Line 
Printer Handler and Error Only Assem- 
bler 


Bandit Static Display 

Banner Print and Punch 

BASIC CPU State Vector Maintenance 

Basic Digital Panel Meter Call 

BASIC Interpreter 

BASIC/M Translator and Interpreter 

BCD to BIN Conversion Routine 

BCD to/from Binary Conversion 

BCD Input and Direct Conversion to Binary 
Routine 

BCD Multiplication 

BCD Sum for 8008 

BCD Up/Down Counter 

BIN to BCD Conversion Routine 

Binary to BCD Subroutine 

Binary to HEX Routine 

Binary Loader for MDS 

Binary Multiplication — 24-Bit 

Binary Search 

Binary Search Routine 

Binary Tape Program 

BINDECBIN — Binary to/from BCD 

BINLB — 8080 System Loader 

Blackjack 

$BLPT 

BOOT — Bootstrap Loading and Program 
Patching 


Calendar Subroutine 

Character Interpreted Memory Dump 

Clock Subroutine 

Compare 

Compare Object Code Tape with Memory 

Control Data Output 

Conversion of Scientific to Easily Readable 
Notation 

CRECH — Cyclic Redundancy Check 

Cross Assembler ASMO8 

Cross Assembler for PDP-11 

Cross Assembler for PDP-11 

Cross Assembler for NOVA 1200 

Cross Assembler for Nova 1220, |BM 360/ 
40 and CDC 3000 

Cross Assembler for Varian Data Machine 

Cross Reference for PAS80 PASCAL Pro- 
grams — XREF80O 

CRTB2Z — GET 

Cyclic Redundancy Character Generator 

Cyclic Redundancy Check 

Cyclic Redundancy Check for Data String 
of 216 Bytes 


Data Array Move 

Data General to Intellec MDS Diskette 
Transport Package 

Data |/O PROM Processor 

Decrement H and L Registers 

Delete Comments 

Diagnostic 1003 — Memory Validity Check 

Digital to Analog Conversion for Eight Out- 
puts 

Disable Hold — Screen Mode 

Disassembler 

Disk Dump Routine for |COM F DOS-11/ 
MOD 80 Floppy DOS 

Double Precision Integer Arithmetic Pack- 
age 

Double Precision Multiply 

Driver for Tektronix 4010 Grafic Screen 


Elementary Function Package 
Enable Hold — Screen Mode 
ERLIST 

Examin 


Factorial of a Decimal Number 

Fast Floating Point Square Root Routine 

Fixed and Floating Point Arithmetic Rou- 
tines 

Fixed Point CHEBYSHEV Sine and Cosine 
for PL/M Users 

Flag Processing Routine 

Floating Point Decimal and HEX Format 
Conversion 

Floating Point Format Conversion Package 

Floating Point Interpreter 

Floating Point Math Package 

Floating Point Package for Intel 8008 and 
8080 Microprocessors 

Floating Point Procedures 

Floating Point Square Root 

Fly Reader Driver 

Format 

Format Intel Data 


Gambol 

Game of Life 

Generalized Stepper Motor Drive Program 
GLANCE 

Gray to Binary Conversion 


Handler for Tally PTP 

HEX Convert — Convert Intel HEX to Pro- 
log HEX File Converter 

HEX to Decimal Conversion 

HEX Format Paper Tape Dump for SDK 

HEX Tape Loader for SDK 

High Speed Paper Tape Reader with Stepper 
Motor Control 

Histogram 


IBM Selectric Output Program 

|CE-80 Disassembler 

|-Command — Insert Data in HEX Form 
from TTY into RAM 


Input/Output Commands for MDS 

Intellec 8/MOD 80 Monitor 

Intellec 8/MOD 80 — Silent 700 Interface 

Intellec MDS Diagnostic Confidence Test 
Version 1.0 
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Intellec MDS Monitor Version 2.0 
Intellec 8 Text Editor 

Interfacing the MDS and HP 2644 
Interrupt Driven Clock Routine 
Interrupt Handler (Re-Entrant) 
Interrupt Service Routine 

INVERT Data in RAM 

1/O Routine for TI Silent 700 Terminal 
1/0 Simulation MACROS 


Julian Data Routine 


K, Program Trap and Dump Routine 
Kalah 

Keyboard Scanner 

Kill the Rotating Bit 


Leer 

Legible Paper Tape 

Lewthwaite’s Game 

List 

List SCR 

List Device Program 

List 1 — High Speed List Program for Intel- 
lec 8 

List/Print/Type ‘‘List SRC”’ on Diskette 

LOAD 

Log Base 2 

LSORT 


MACRO Assembler for DG NOVA 

Main Routine DDUMP (Diskette DUMP 
Routines) 

Mastermind 

Match 

Match Game 

Maze 

Maze 

MBCD N1 x N2 Bytes Decimal Multiply 
Subroutine 

Memory Compare 

Memory Diagnostic Program 

Memory Dump 

Memory Test for the 8080 

Memory Test Program 

Model 101 Centronics Printer Handler 

Mon256 — 256-Byte PROM Monitor 

Morse Code Generator 

MUL/DIV Multi-Precision Pack for 8080 


Natural Logarithm 

N-Byte Binary Multiplication and Leading 
Zero Blanking 

Nim 

Nim 

Non-Encoded Key Board Subroutine 

Nova Cross Assembler — Intel 8080 

Numbers 


Octal Code Conversion for PDP-11 

Octal Debugging Program (ODT) for the 
MCS-80 Computer 

Octal PROM Programming 

OCTHEX 


P2708 PROM Programming Routine 

Page Break for Tektronix 4010 |/O Graphics 
Terminal 

Page Listing Program 

Paper Tape Reformatter for SDK 

Paper Tape Leader |.D. 

Pascall 

Pass — Parameter Passing Routine 

PDP-11 Bubart File to Intel HEX File Con- 
verter 

PDP-11 Program Load to HEX, Dump, & 
Verify 

PL/M 80 Pass 3 

PL/M Floating Point Interface 

PL/M Histogram Procedure and Random 
Number Generator 

PROM Programmer for Intellec 8 

Proportional Power Control Image Builder 

Punch Binary Tape 

Punch Test or TTY Reader/Punch Test 


Quicksort Procedures 


RAM Check 

RAM Test Program 

RANDOMS$BITS 

Random Number Generator — RINGEN 
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INSITE’ USER’S LIBRARY PARTIAL PROGRAM INDEX (Continued) 


Read and Interrupt Modifications for Intel- 
lec 8/MOD 80 

Reader Test 

Read/Write Routines for Interchange Tapes 

Real Time Executive 

Real Time Monitor 

React 

Relative Jump Routine 

RMSTF — Integration Routine 

Run O 


Save/Restore CPU State on an Interrupt 

SBC 80/10 Interactive Monitor 

SBC 80/10 Port |/O Exerciser 

SCAN 

SDK-80 Keyboard Monitor 

SOK-80 Paper Tape Punch Routine 

Sets Horizontal Tabs on Terminet 

Shellsorting Routine 

Sin X, Cos X Subroutine 

Slot Machine 

SMAL: Symbolic Microcontroller Assembly 
Language 


Snap Dump 8080 

Software Stack Routines for 8008 

Source Paper Tape to Magnetic Cassette 

SQRTF — Calculates 8-Bit Root of 16-Bit 
Number 

Stage 2 

Statement Counter 

Structured Assembler for 8080 

Subroutine DMULT (Decimal Multiplica- 
tion) 

Subroutine Log — Common Logarithms 

Subroutine SQRT 

Symbol Table Dump for Intellec 8/MOD 80 

Symbol Table List Routine 


Tabs 

Tally — User Tally 2200 Line Printer in As- 
sembly Stage of Programming 

Tally R2050 HSPTR Driver 

Tape Duplicator 

Tape Labeler for MDS 

Teleprocessing Buffer Routine 

Terminal Editor 


Terminet 300 

Terminet 1200 

Text Storage Program 

Thermocouple Linearization (Type J) 

Tic-Tac-Toe 

Time Sharing Communications 

TIMIT — Interrupt Driven Real Time Clock 
Routine 

T.1. Silent 700 Interface — Intellec MDS 

T.1. Silent 700 -— SBC 80 Monitor Interface 

TRACE Version 7.0 

TRACE — Program Trace and Debugger 

Trace Routine 

TTY Binary Dump Routine 

TTY Binary Load Routine 

Type 

Type K.T.C. Linearizer 


Utility Macros for 8080 
Video Driver 


Wipe 
Word Game, The 


4004/4040 USER’S LIBRARY PARTIAL PROGRAM INDEX 


4 X 8 Keyboard Scanner 

4 Digit BCD to Binary Converter 

4 Digit Multiply 

4040 Cross Assembler for Intellec 8/MOD 
80 and MDS-800 

8-Bit Binary to BCD Conversion 

8 Digit Register Display 


ASCII! to EBCDIC Code Conversion 
Automatic Digital Integration 


Bit Manipulation Routine 

BNPF Tape Generator for PDP-8 
BNPF Tape Generator for PDP-8 
Bowmar TP 3100 Printer Routine 


Chebyshev Approximation Functions 
Complement Decimal 

Cross Assembler for PDP-8 

Cross Assembler for NOVA 

Cross Assembler and Test Program 


Delay Subroutines 
Data Compare Routine 


Fast Binary Multiply: Selectable Bit Preci- 
sion and Constant Execute Time 

Fast Decimal Multiply Routine 

Floating Point Arithmetic Subroutine Pack- 
age 


General Purpose ROM 


High Speed Printer Interface 
HEXBCD 


Intel MCS-40 Cross Assembler and Text Edi- 
tor 

1/O Test 

1OMEC Series 3 Cartritape to Intel MCS-4 


John Conway’s Solitaire Game of Life 


MCS-4 Simulator for NOVA 

MCS-4 Simulator for PDP-8 
MCS-4/40 Disassembler 

Mobile Mean Program 

Mod 40/Silent 700 Interface 
Multiply/Divide 8 Decimal Numbers 


insite 


USER LIBRARY MEMBERSHIP FORM 


| am interested in becoming a member of Insite ™ 


Paper Tape Conversion, 5 Level TTY to 8 
Level ASCII 

Paper Tape Edit Routine 

Parity Checker/Generator 

Parity Generator, ASCII Character 

Peripheral Interface Routine for a Thermal 
Strip Printer 

Pro Forma 

PROM Utility Dump Program 


Right Justified Hexadecimal Data Shifter 
Random Number Generator 


“SEL’’ Subroutine (Selector) 


TOUCHTONE Keyboard Scanner 
TP 3100 
Translate HEX 


Universal Logic Subroutine 


Enclosed is L) check, (J money order, L) purchase order”, (1) Program Submittal 


NAME: 


COMPANY: : — 


SHIP TO: 


CD PLEASE SEND THE 4004/4040 LIBRARY /NSTEAD OF INSITE 
SEND TO NEAREST LOCATION: 
North America Europe Orient 


Intel Corporation 

User’s Library User’s Library 

Microcomputer Systems 51 Rue du Moulin a Papier 

3065 Bowers Avenue Boite 1 1-23-9 Shinmachi, Setagaya-ku 

Santa Clara, California B-1160 Brussels Tokyo 154, Japan 

95051 Ph. 03-426-9261 (PME & FSE) 
03-426-9267 (CS & Fin.) 


Intel Japan K.K. 
User's Library 
Flowerhill-Shinmachi, East Bldg. 


Intel International 
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MICROCOMPUTER DEVELOPMENT SYSTEMS 


UPP-103* 
UNIVERSAL PROM PROGRAMMER 


Intellec® Development System Peripheral for 


PROM programming and verification 


Personality cards available for programming all 
Intel® PROM families 


Zero insertion force sockets for both 16-pin and 
24-pin PROMs 


Universal PROM Mapper software provides power- 
ful data manipulation and programming commands 


Flexible power source for system logic and pro- 
gramming pulse generation 


Holds 2 personality cards to facilitate programming 
operations using several PROM types 


The Universal PROM Programmer (UPP) is an Intellec® System peripheral capable of programming and verifying the follow- 
ing Intel Programmable ROMs (PROMs): 1702A, 2704, 2708, 2716, 3601, 3602, 3602A, 3621, 3622, 3622A, 3604, 3604A, 
3604AL, 3604L-6, 3605, 3608, 3624, 3624A, 3625, 3628, 8702A, 8704, and 8708. In addition, the UPP programs the 
PROM memory portions of the 8748 Microcomputer and the 8755 PROM and I/O chip. Programming and verification 
operations are initiated from the Intellec Development System console and are controlled by the Universal PROM Mapper 


(UPM) program. 


Universal prom p 


PRI S850 . 


*This UPP103 replaces the UPP 101, UPP102. 
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UPP-103 
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FUNCTIONAL DESCRIPTION 


The basic UPP consists of a controller module, two 
personality card sockets, front panel, power supplies, 
chassis and an Intellec Development System intercon- 
nection cable. An Intel 4040-based intelligent controller 
monitors the commands from the Intellec System and 
controls the data transfer interface between the selected 
PROM personality card and the Intellec memory. A unique 
personality card contains the appropriate pulse genera- 
tion functions for each Intel PROM family. Programming 
and verifying any Intel PROM may be accomplished by 
selecting and plugging in the appropriate personality 
card. The front panel contains a power-on switch and 
indicator, reset switch, and two zero-force insertion 
sockets (one 16-pin and one 24-pin or two 24-pin). A 
central power supply provides power for system logic and 
for PROM programming pulse generation. 


The Universal PROM Programmer may be used as a table 
top unit or mounted in a standard 19" RETMA cabinet. 


The Universal PROM Mapper (UPM) is the software 
program which controls transfers of data between paper 
tape or diskette files and a PROM plugged into the 


HARDWARE INTERFACE 


Data: Two 8-bit unidirectional buses 
Commands: 3 Write Commands 
2 Read Commands 
Initiate Command 


PHYSICAL CHARACTERISTICS 


Dimensions: 6” x 7" x 17” 
14.7 cm x 17.2 cm x 41.7 cm 
Weight: 18 Ib (8.2 kg) 


ELECTRICAL CHARACTERISTICS 
AC Power Requirements: 50-60 Hz; 115/230 VAC: 80 Watts 


ENVIRONMENTAL CHARACTERISTICS 
Operating Temperature: 0°C to 55°C 
EQUIPMENT SUPPLIED 


Cabinet 

Power Supplies 

4040 Intelligent Cdntroller Module 

Specified Zero Insertion Force Socket Pair 

Intellec® Development System Interface Cable 

Hardware Reference Manual 

Reference Schematics 

Universal PROM Mapper Operator's Manual 

Universal PROM Mapper program (paper tape version — 
disk-based version available on ISIS-II diskettes) 


Universal PROM Programmer. It uses Intellec System 
memory for intermediate storage. The UPM transfers data 
in 8-bit HEX, BNPF, or binary object format between paper 
tape or diskette files and the Intellec System memory. 
While the data is in Intellec System memory, it can be 
displayed and changed. In addition, word length, bit 
position, and data sense can be adjusted as required for 
the PROM to be programmed. PROMs can also be 
duplicated or altered by copying the PROM contents into 
the Intellec System memory. Easy-to-use PROGRAM and 
COMPARE commands give the user complete control 
over programming and verification operations. The UPM 
eliminates the need for a variety of personalized PROM 
programming routines because it contains the program- 
ming algorithms for all Intel PROM families. 


There are two versions of the UPM: one that runs under 
Intellec System Monitor (paper tape system), and one that 
runs under ISIS-II, the Intellec Diskette Operating System 
(diskette-based system). The paper tape version is 
included with the Universal PROM Programmer. The 
diskette-based version of the UPM is available on all ISIS- 
ll system diskettes. 


OPTIONS 


Personality Cards: 

UPP-361: 3601 Personality Card 

UPP-816: 2716 Personality Card 

UPP-848: 8748 Personality Card with 40-pin adaptor 
socket 

UPP-855: 8755 Personality Card with 40-pin adaptor 
socket 

UPP-865: 3602, 3622, 3602A, 3622A, 3621, 3604, 
3624, 3604A, 3624A, 3604AL, 36046-6, 3605, 3625, 
3608, 3628 

UPP-872: 8702A/1702A Personality Card 

UPP-878: 8708/8704/2708/2704 Personality Card 


PROM Programming Sockets: 

UPP-501: 16-pin/24-pin socket pair 

UPP-502: 24-pin/24-pin socket pair 

UPP-562: Socket Adaptor for 3621, 3602, 3622, 
3602A, 3622A 

UPP-555: Socket Adaptor for 3604AL, 36046-6, 3608, 
3628 

UPP-565: Socket Adaptor for 3605, 3625 


ORDERING INFORMATION 


Universal PROM Programmer: 
UPP-103 with 16-pin/24-pin socket pair and 24-pin/ 
24-pin socket pair 
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intel MICROCOMPUTER DEVELOPMENT SYSTEMS 


INTELLEC° HIGH SPEED PAPER TAPE READER 


Loads 16K Intellec® program memory in less than Data transfer at asynchronous rates in excess of 
3 minutes. 2000 characters per second 

20 times faster than standard ASR-33 Teletype 

reader. Rack-mountable or stand-alone 


The Intellec® High-Speed Paper Tape Reader is an Intellec peripheral that reads paper tape over twenty times faster than the 
standard ASR-33 Teletype reader. This translates into a significantly faster development cycle due to a marked reduction in the 
time required for repetitive program loading, assembly, and editing operations. 


The monitor software provides two key capabilities which significantly enhance the system’s performance of the high-speed 
reader. A general-purpose paper tape reader driver is included in the Intellec Monitor which enables all system software or user- 
written application programs to utilize the high-speed reader features. The monitor also provides dynamic I/O reconfiguration, 
permitting reassignment of the high-speed reader to other logical input devices. 


Reader data and command interface hardware is provided with the basic Intellec. A reader/Intellec system interface cable is 
included with the unit. A fanfold tape guide is also included to provide fanfold punch capability to the ASR-33 Teletype. 


The high-speed reader may be used as a table-top unit or mounted in a standard 19’ RETMA cabinet. 
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HIGH SPEED PAPER TAPE READER 


SPECIFICATIONS 


TAPE MOVEMENT 
Tape Reader Speed: 

0 to 200 characters per second asynchronous 
Tape Stopping: 

Stops ‘On Character’’ 


TAPE CHARACTERISTICS 
Tape must be prepared to ANSI X 3.18 or EMCA 10 
Standards for base materials and perforations. 


Reads tape of any material with thickness between 0.0027” 
and 0.0045” with transmissivity less than or equal to 57% 
(oiled buff paper tape). 


Tape loading: in line 
Tape width: 1 inch 


PHYSICAL CHARACTERISTICS 
Height: 7.75 in. (19.69 cm) 
Width: 19.25 in. (48.90 cm) 
Depth: 11.62 in. (29.52 cm) 
Weight: 13 Ib (5.9 kg) 


ELECTRICAL CHARACTERISTICS 

AC Power Requirements: 
3-wire input with center conductor (earth ground) tied 
to chassis. 100, 115, or 127 VAC, single phase at 3.0 
amps or 220 or 240 VAC and 1.5 amps; 47 to 63 Hz. 


ENVIRONMENTAL CHARACTERISTICS 
Temperature: 
Operating: 0 to 55°C (free air) 
Non-operating: -55°C to +85°C 


Humidity: 
Operating: Up to 90% relative humidity without con- 
densation. 
Storage: All conditions without condensation of water 
or frost. 


EQUIPMENT SUPPLIED 

Paper Tape Reader 

Reader Cable 

Fanfold Tape Guide 

Fanfold Paper Tape 

Hardware Manual 

Installation and Operations Guide 
Fanfold Guide Installation Instructions 


ea a ep 


ORDERING INFORMATION 
Part Number 
MDS-PTR 


Description 


Paper Tape Reader 
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SDK-85 
MCS-85'" SYSTEM DESIGN KIT 


Complete Single Board Microcomputer Interactive LED Display and Keyboard 
System Including CPU, Memory and I/O Large Wire-Wrap area for Custom 
Easy to Assemble Kit-Form Interfaces 

High-Performance 3MHz 8085 CPU Extensive System Monitor Software in 
(1.3 ps Instruction Cycle) ROM 

Popular 8080A Instruction Set Comprehensive Design Library Included 
Interfaces Directly With TTY Low Cost 


The MCS-85 System Design Kit (SDK-85) is a complete, single board, microcomputer system in kit form. It contains all 
necessary components, including LED Display, Keyboard, resistors, caps, crystal and miscellaneous hardware to 


complete construction. Included is a preprogrammed ROM that contains the system monitor for general software utilities 
and system diagnostics. 


The SDK-85 includes 6 digit LED display and 24 key-keyboard for a direct insertion, examination and execution of auser’s 
program. In addition, it can be directly interfaced with a teletype terminal. 


The SDK-85 is an inexpensive, high-performance prototype system that has designed-in flexibility for simple interface to 
the user’s application. 
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SDK-85 
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General Keyboard Monitor Commands 

e Reset — Starts the monitor 
The SDK-85 is a complete 8085 microcomputer system on e GO — allows you to execute a user program 
a single board, in kit form. It contains all necessary e Single Step — allows you to execute a user program one 
components to build a useful, functional system. Such instruction at a time — useful for debugging 
items as resistors, caps, and sockets are included. e Substitute Memory — allows you to examine and 
Assembly time varies from 3 to 5 hours, depending on the modify memory locations 
skill of the user. e Examine Register — allows you to examine and modify 
A compact but powerful system monitor is supplied with the 8085's register contents 
the SDK-85 to provide general software utilities and e Vector Interrupt — a user interrupt button 


system diagnostics. It comes in a pre-programmed ROM. 


The SDK-85 communicates with the outside world Teletype Moniter Sommands 


through either the on-board LED Display/Keyboard e Display Memory — displays multiple memory locations 
combination or, the user's TTY terminal (Jumper e Substitute Memory — allows you to examine and 
Selectable). Both memory and1/O can be easily expanded modify memory locations one at a time 

by simply soldering in additional devices in locations e Insert Instructions — allows you to store multiple bytes 
provided for this purpose. A large area of the board (45sq. in memory 

in.) is laid out as general purpose wire-wrap for the user’s e Move Memory — allows you to move blocks of data 
custom interfaces. in memory 


e Examine Register — allows you to examine and modify 
the 8085’s register contents 
e GO — allows you to execute user programs 


Only a few simple tools are required for assembly; 
soldering iron, cutters, screwdriver, etc. The SDK-85 
User’s Manual contains step-by-step instructions that 


make assembly easy, and eliminate mistakes. Once In addition to detailed information on using the monitors, 
construction is complete, the user connects his kit to a the SDK-85 User’s Manual provides circuit diagrams, a 
power supply and the SDK-85 is ready to go. The monitor monitor listing, and a description of how the system 
starts immediately upon power-on or reset. works. 
| ADDRESS | ROM/IO (8355) | 
CPU DECODER EPROM/IO (8755) RAM/IO/COUNTER KEYBOARD/DISPLAY FOR BUS EXPANSION 
ADDRESS DATA 
FIELD FIELD 


SDK-85 KEYBOARD LAYOUT 
cad 
sien Seal 
SINGLE 
area 
SUBST |EXAM 
MEM _|REG SPL eH . 


| | 
| | 
| | 
| | 
| | 
| 


sepia | ee) 2 a ’ 
1/0 TO 
8216 

TTY 10 LINES 10 LINES a, j 

[ | , DAT 

ATA 

r =e | ra | ap 
i _ So 
INTERRUPT 

Purr pm pee 1 8216 


Tm : 
_ TE b= 


BUS 


| | 
| 
me 
CONTROL 


— 
as ! CONTROL 
S BUS silicide (=) BUS 
a. | | fis sees “ace Senet esl 
va | 
” | | | | | 
aera 
) OPTIONAL. & PLACE HAS BEEN PROVIDED ON THE PC BOARD FOR THE DEVICE BUT THE 
| DEVICE ISNOT INCLUDED 


SDK-85 FUNCTIONAL BLOCK DIAGRAM 
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SDK-85 


The SDK-85 is designed around Intel’s 8085 Micropro- 
cessor. The Intel® 8085 is a new generation, complete 8- 
bit parallel central processing unit (CPU). Its instruction 
set is 100% software upward compatible with the 8080A 
microprocessor, and it is designed to improve the present 


The 8085 incorporates all of the features that the 8224 
(clock generator) and 8228 (system controller) provided 
for the 8080, thereby offering a high level of system 
integration. 


The 8085 uses a multiplexed Data Bus. The address is split 


8080's performance by higher system speed. Its high level 
of system integration allows a minimum system of three 
IC’s: 8085 (CPU), 8156 (RAM) and 8355/8755 (ROM/ 
PROM). 


between the 8-bit address bus and the 8-bit data bus. The 
on-chip address latches of 8155/8156/8355/8755 memory 
products allows a direct interface with 8085. 


RST 5.5 RST 7.5 
INTR INTA RST 6.5 TRAP SID soD 


INSIDE THE 8085: 


INTERRUPT CONTROL SERIAL 1/O CONTROL 
8-BIT INTERNAL DATA BUS f' 


—— 


ACCUMULATOR 
(A REG.) (8) 


TEMP. REG 


INSTRUCTION 
REGISTER (8) 
B (8) 
REG. 


INSTRUCTION 
DECODER 
MACHINE 


CYCLE m= 
ENCODING STACK POINTER 
pRoGRAM counter !18) 


INCREMENTER DECREMENTER 
ADDRESS LATCH (16) 


FLAG (5) 
FLIP FLOPS 


REGISTER 
ARRAY 


$1 | 


POWER — > +5V 
SUPPLY —> GND 


| 7 


TIMING AND CONTROL 
ADDRESS BUFFER DATA/ADDRESS BUFFER 


(8) (8) 


CONTROL STATUS DMA iy ft 


CLK OUT RD WR ALE So 5S, !0/M HLDA_ | RESET OUT Ais-Ag AD7-ADo 
_— HOLD. ‘RESET ADDRESS BUS ADDRESS/DATA BUS 


e SEVEN 8-BIT REGISTERS. SIX OF THEM CAN BE LINKED 
IN REGISTER PAIRS FOR CERTAIN OPERATIONS. 
@ 8BIT ALU. 


@ 16-BIT STACK POINTER (STACK IS MAINTAINED 
OFFBOARD IN SYSTEM RAM MEMORY). 
@ 16-BIT PROGRAM COUNTER. 


8085 INSTRUCTION SET Summary of Processor Instructions 


Instruction Code[1] Clock(2| Instruction Code{1} Clock(2} 

Mnemonic Description D7 Dg O5 D4 D3 De OD; Do Cycles | Mnemonic Description D7 Dg D5 D4 O3 Oe Dy Do Cycles 
MOVE. LOAD. AND STORE STACK OPS 
MOVr1.r2 Move register toregistee 0 10 00 S S$ S$ 4 PUSH B Push register Pair B & 1100010 41 12 
MOV M.r Move register to memory 0 11 10 S S § 7 C on stack 
MOV r.M Move memory toregister 0 1000 1410 #7 PUSH D Push register PairD& 1 1 0 1 01 0 1 = 12 
MVI r Move immediate register 0 0 DODD 11 «0 7 E on aise . 
MVI M Move immediate memory 0 0 1 10 1 1 «+0 10 PUSH H i a Pair H & 1110070 1 12 
LXIB Logi immediate register 0 0 0 00 0 0 1 10 PUSH PSW Push A avid Flags 444 Ot BO 4 12 

PairB&C on stack 
LX! D Load immediate register O 0 0 1 0 0 0 1 10 POP B Pop register Pair B & 11000001 10 

Pair D&E C off stack 
LX! H Load immediate register O 0 10 0 0 0 1 10 POP D Pop register Pair D & 11014000 1 10 

PairH& L E off stack 
STAX B Store A indirect 000000 10 7 POP H Popregister Pair H& 11 100001 = «10 
STAX D Store A indirect 00010 0 1 0 7 L off stack 
LDAX B Load A indirect 000010 1 ~0 7 POP PSW Pop A and Flags 1 1 1 1 00 0 1 «10 
LDAX D Load A indirect 00011 0 1 =+0 7 off stack 
STA Store A direct 00110010 13 XTHL Exchange top of 1110001 1 += 1 ak 
LDA Load A direct 00111010 13 stack. H & L DS 
SHLD Store HW direct 00100010 416 SPHL H&Ltostack pointer 11 1 110041 6 35 
LHLD Load H & L direct 00101010 16 | LXISP oo me Oe PTE’ + = 
sacl caine seieliiie i a ‘ INX SP Increment stack pointes 0 0 1 1 0 0 1 4 6 

DCX SP Decrement stack 00 1 1 1 0 1 ~=41 6 
pointer 
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8085 INSTRUCTION SET Summary of Processor Instructions (Cont.) 


Mnemonic 


JUMP 
JMP 


CPO 


RET 


RPO 


RESTART 


RST 


Description 


Jump unconditional 
Jump on carry 
Jump on no carry 
Jump on zero 

Jump on no zero 
Jump on positive 
Jump on minus 
Jump on parity even 
Jump on parity odd 


H & L to program 
counter 


Call unconditional 
Call on carry 

Call on no carry 
Call on zero 

Call on no zero 
Call on positive 
Call on minus 

Call on parity even 
Call on parity odd 


Return 

Return on carry 
Return on no carry 
Return on zero 
Return on no zero 
Return on positive 
Return on minus 
Return on parity even 
Return on parity odd 


Restart 


INCREMENT AND DECREMENT 


INR r 

DCR r 
INR M 
DCR M 
INX B 


INX D 
INX H 


DCX B 
DCX D 
DCX H 
ADD 

ADD r 
ADC r 


ADD M 
ADC M 


ADI 
ACI 


Increment register 
Decrement register 
Increment memory 
Decrement memory 
Increment B & C 
registers 


Increment D & E 
registers 


Increment H & L 
registers 


Decrement B &C 
DecrementD&E 
Decrement H & L 


Add register to A 
Add register to A 
with carry 

Add memory to A 
Add memory to A 
with carry 

Add immediate to A 
Add immediate to A 
with carry 
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Instruction Code{1} 
D7 Og Ds D4 03 Oo Dy Do Cycles 
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Mnemonic Description 

DAD B Add B&CtoH&Ll 

DAD D Add D&EtoH&L 

DAD H AddH&LtoH&Ll 

DAD SP Add stack pointer to 
H&L 

SUBTRACT 

SUB r Subtract register 
from A 

SBB r Subtract register from 
A with borrow 

SUB M Subtract memory 
from A 

SBB M Subtract memory from 
A with borrow 

SUI Subtract immediate 
from A 

SBI Subtract immediate 
from A with borrow 

LOGICAL 

ANA! And register with A 

XRA r Exclusive Or register 
with A 

ORA r Or register with A 

CMP r Compare register with A 

ANAM And memory with A 

XRA M Exclusive Or memory 
with A 

ORAM Or memory with A 

CMP M Compare memory with A 

ANI And immediate with A 

XRI Exclusive Or immediate 
with A 

ORI Or immediate with A 

CPI Compare immediate 
with A 

ROTATE 

RLC Rotate A left 

RRC Rotate A right 

RAL Rotate A left through 
carry 

RAR Rotate A right through 
carry 

SPECIALS 

CMA Complement A 

SIC Set carry 

CMC Complement carry 

DAA Decimal adjust A 

INPUT/OQUTPUT 

IN Input 

OUT Output 

CONTROL 

EI Enable Interrupts 

DI Disable Interrupt 

NOP No-operation 

HLT Halt 

NEW 8085 INSTRUCTIONS 

RIM Read Interrupt Mask 

SIM Set Interrupt Mask 


NOTES: 1. DDD or SSS: B=000, C=001, D 010. E 011. H 100, L- 101. Memory=110, A=111. 
2. Two possible cycle times. (6/12) indicate instruction cycles dependent on condition flags. 
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SDK-85 SPECIFICATIONS 


Central Processor 


CPU: 8085 
Instruction Cycle: 1.3 microsecond 
Tcy: 330 ns 


Memory 


ROM: 2K bytes (expandable to 4K bytes) 8355/8755 
RAM: 256 bytes (expandable to 512 bytes) 8155 
Addressing: 
ROM 0000-07FF (expandable to OFFF with an additional 
8355/8755) 
RAM 2000-20FF (2800-28FF available with an additional 
8155) 
Note: The wire-wrap area of the SDK-85 PC board may be 
used for additional custom memory expansion up to the 
64K byte addressing limit of the 8085. 


Input/Output 


Parallel: 38 lines (expandable to 76 lines). 

Serial: Through SID/SOD ports of 8085. Software 
generated baud rate. 

Baud Rate: 110 


Interfaces 


Bus: All signals TTL compatible. 
Parallel |/O: All signals TTL compatible. 
Serial 1/0: 20 mA current loop TTY 


Note: By populating the buffer area of the board, the user 
has access to all bus signals which enable him to design 
custom system expansions into the kit's wire-wrap area. 


Interrupts 


Three Levels: (RST 7.5) — Keyboard Interrupt. 
(RST 6.5) — TTL Input 
(INTR) — TTL Input 


DMA 


Hold Request: Jumper selectable. TTL compatible input. 


Software 


System Monitor: Pre-programmed 8755 or 8355 ROM 
Addresses; 0000-07FF. 
Monitor I/O: Keyboard/Display or TTY (serial 1/O) 


Literature 


Design Library (Provided with kit): 


SDK-85 User's Manual 

MCS-85 User's Manual 

8080/8085 Assembly Language Programming Manual 
Intellec® MDS Brochure 

ICE-85 Data Sheet 

PL/M-80 Data Sheet 

8085/8080 Assembly Language Reference Card 


Physical Characteristics 


Width: 12.0 In. 

Height: 10 in. 

Depth: 0.50 in. 
Weight: approx. 12 oz. 


Electrical Characteristics (DC Power Required 
— Power Supply Not Included in Kit) 


Voc ov 25% 
Vtty -10V + 10% 


1.3 Amps 


0.3 Amps (Vtty required only if 


teletype is connected) 


Environmental 
Operating Temperature: 0-55°C 
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intel TEST & INSTRUMENTATION SYSTEM 


[LLSCOPE™ 820 
MICROPROCESSOR SYSTEM CONSOLE 


Provides an interface to microcomputer systems Is a stand-alone, self-contained, rugged portable 

for troubleshooting system problems unit 

Monitors, displays, and alters register, memory Human engineered with easy to read 9-segment 

and I/O values for system under test hexadecimal displays and extensive operator 
prompting 

Executes diagnostic routines from uScope 820 con- 

sole overlay memory Gives complete control over microprocessor 
including single step, run with display, or run 

Executes instrument resident software patch real-time capability 

routines even when microcomputer system is 

ROM-based Designed to support many different micro- 
processors 


Provides a 32-bit hardware breakpoint with bit 
masking and a 256-word trace memory Has built-in, self-test operation 


The uScope!™ 820 Microprocessor System Console is a portable, self-contained instrument designed to provide the control, 
monitoring, and interaction necessary to effectively and quickly evaluate and debug 8-bit microcomputer-based systems 
in the lab, on the production line, or in the field. Connection to the user’s system is through a personality probe that is 
plugged into the microprocessor socket. Each personality probe is unique to each microprocessor type. The instrument 
features many different operating and control modes which allow the operator to carry out a number of functional checks 
on the microcomputer System Under Test (SUT). 


The unit has been specificially designed to ease the task of microcomputer system check-out for the lab, production line, 
and field technician. It also provides the more powerful analytical capabilities necessary to troubleshoot difficult problems 
by the more experienced, sophisticated user. Preprogrammed test routines resident in front panel PROMs, dedicated high 
level command keys, visual prompting, and simplified data entry sequences all ease the check-out of microcomputer hard- 
ware. For more rigorous diagnostic tasks, the unit provides a 32-bit maskable hardware breakpoint with optional course of 
action after a breakpoint match, a 256 X 32-bit trace memory and a 128 X 8 overlay RAM that allows real-time entry of test 
routines via the uScope 820 Microprocessor System Console keyboard. 


spit sepia 
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CHARACTERISTICS 

COMMANDS 

Reset Examine/Modify Memory 

Self Test Examine/Modify |/O 

CPU Reset Examine/Modify Overlay Memory 


Run Real Time 
Run with Display 


Examine/Modify Next Location 
Examine/Modify Last Location 


Halt Examine/Modify Breakpoint 
Single Step Condition 

Enable/Disable Breakpoint Examine/Modify Breakpoint 
Enable/Disable Overlay Mask 

Enable Trace All Cycles Examine/Modify Breakpoint 
Enable Trace at Breakpoint Action 


Examine/Modify Overlay Origin 
Display Trace Data 


Examine/Modify Value 
— Single Registers 


— Double Registers Clear Entry 

— CPU States Continue 

— Breakpoint Pass End/Execute 
Count Subroutine Select 


CPU CONTROLS 


User-selectable commands permit one of four possible CPU oper- 
ating modes: 


1. Run Real Time — User’s CPU runs at full speed set by user 
clock. No wait states or cycle stealing are required. 


2. Run with Display — User's CPU runs at full speed, except 
that 10 times/sec the instrument halts user’s CPU temporarily 
to acquire display data. Worse case throughput is 95% of real 
time operation. 


3. Ha/t — User CPU halted at next opcode fetch. DMA activity 
is permitted during HALT. 


4. Single Step — User CPU executes one instruction then halts. 


BREAKPOINT 


The breakpoint condition is set by a 32-bit word (16-bit address, 
8-bit data, 8-bit status). The breakpoint mask is also set by a 32-bit 
word which js bit-selectable. There are three courses of action fol- 
lowing a breakpoint match: 


1. Halt on first opcode fetch following breakpoint match. 


2. Halt on first opcode fetch following Nth breakpoint match 
1<N < 256. 


3. Execute subroutine beginning at first opcode fetch following 
breakpoint match. . 


All breakpoint actions following a match are controlled by the 
breakpoint enable/disable switch except for trace recording and the 
Sync Trigger Output. The Sync Output is a negative true TTL 
output that occurs whenever a breakpoint match occurs. 


Pulse Width = 180nsec typ 
Output High = 2.5V min, -1.2mMA 
Output Low = 0.5V max, 24.0mA 


TRACE 


The trace memory is a 256-word memory with each word consisting 
of 16 address bits, 8 data bits and 8 status bits. The memory is a 
circular buffer which records the last 256 cycles (words) prior to a 
user CPU halt or DISPLAY TRACE command. Trace data can be 
recorded on all CPU cycles or only when breakpoint matches 
occur (independent of breakpoint enable/disable status). In addi- 
tion, the operator can initiate a panel freeze which temporarily 
stops all trace data recording, and allows display of previously 
recorded data without halting the user CPU. 


DATA ENTRY 


All single and double byte items can be entered via the front panel 
hexadecimal keypad. In addition, all single byte items can be 
optionally entered via eight binary input keys. 


ORDERING INFORMATION 
Part Number 
USC-820 


Description 


Microprocessor System Console 
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MEMORY OVERLAY 


The uScope !M 820 Microprocessor System Console allows memory 
read/writes of the user CPU in any assigned 1K or 2K block to be 
made to the instrument's overlay memory. For 1K block assign- 
ments, the first 128 bytes reside in the instrument's RAM memory 
while the remaining 896 bytes reside in the interchangeable front 
panel ROM/EPROM (either Intel’s 2716 EPROM or Intel’s 2316E 
ROM). For 2K block assignments, again the first 128 bytes are from 
RAM and the remaining 1920 bytes are from the front panel 2716/- 
2316E. 


DATA DISPLAY 


Eight hexadecimal 0.5 in. LEDs are provided for the simultaneous 
display of 4 bytes of information. The displays are physically sepa- 
rated into two groups. The first group displays 2 bytes of address, 
while the second group displays CPU data, status, single and double 
byte register values, or single and double byte breakpoint values. 
In addition, eight binary displays are used to provide quick recogni- 
tion of single byte binary data patterns. 


SELF TEST 


The necessary hardware and software have been incorporated into 
the instrument to facilitate the self-checking of the majority of its 
operations. Included in these self tests are: 


@ Bit tests of all breakpoint condition and mask latches. 

e Bit tests of all RAM. 

@ Verifies checksum on all operating system ROMs. 

@ Clears trace memory and performs bit test on trace RAM. 

@ Checks miscellaneous !/O ports and peripheral components. 


® Lights all front panel displays for user verification. 


CONNECTION 


Four external .connections to the uScope 820 Microprocessor 
System Console are provided: 


@ 1.2m (4 ft), 50 conductor flat cable for connection to the 
microprocessor probe. 


@ 20-pin board edge connector for the probe personality 
PROM. 


@ 24-pin zero force insertion sockets for overlay EPROM/ROM. 


@ One recessed pin for breakpoint sync output. 


PHYSICAL CHARACTERISTICS 


Width: 479mm _— (18-7/8 in.) 
Length: 394mm _ = _(15-1/2 in.) 
Height (top closed): 168mm _— (6-5/8 in.) 
Height (top removed): 117mm _ (4-5/8 in.) 
Weight: 9.1 kg (20 Ib) 


ELECTRICAL REQUIREMENTS 


100, 120, 220, 240 — 10% +5%, 110VA max 
48—63 Hz 


Voltage: 
Frequency: 


ENVIRONMENTAL CONDITIONS 


O°C to 55°C (32°F to 130° F) 

-40°C to 75°C (-40°F to 167°F) 

95% RH, 15°C to 40°C (59°F to 104°F) 
non condensing 


Operating Temperature: 
Storage Temperature: 
Humidity: 


ACCESSORIES SUPPLIED 


Two keys One Operator’s Manual 
One fuse for 220/240 V operation One Hardware Reference Manual 
One 2.3 m (7.5 ft) power cord 
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CPU CONTROL ADDRESS DISPLAY/SELECT 


The instrument provides complete contro! over the opera- A dedicated, 4-digit hexadecimal address display allows the 
tion of the microprocessor in the System Under Test following address information to be displayed: 
(SUT). The user CPU can be forced to HALT, SINGLE 


STEP, RESET, RUN REAL TIME, or RUN WITH DIS- 
PLAY. All of the above CPU commands can be issued e The I/O port number of any I/O port. 


without impacting other operational parameters or diag- 
nostic sequences that have been set up. 


e The address of any memory location. 


e The address of any overlay memory location. 
e The address of the overlay memory origin assignment. 
e The address at which the breakpoint is to occur. 


e The address portion of the breakpoint mask. 
e The address of the given trace record element. 


An additional feature of the address display/select logic is 
that once the operator has initiuted a given memory, trace, 
or |/O examination, it is possible to continue the examina- 
tion in a sequential fashion either in an ascending or de- 
scending address value. 


CEPEUU EPEC EERE TENT EEE EEE EEE 
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Susie 
BREAKPOINT CONTROL 


The hardware breakpoint of the instrument allows the 
operator to alter the normal program flow of the SUT. 
Breakpoint logic is implemented in hardware, thereby CONSOLE 
eliminating any throughput degradation of the SUT. All CONTROL 
32 bits of the breakpoint condition word are maskable in 
order to allow the breakpoint condition to be as specific 
or as general as may be desired. 


The occurrence of a breakpoint match can cause an uncon- 
ditional halt, incrementing of the pass counter, calling of 
a subroutine, or the recording of a single cycle of trace 
data. All of these options are selectable via the EXAM 


ACTION key prior to enabling the breakpoint. : OVERLAY 
Ree peas ME MCA 


TRACE MEMORY 


The console has a full 32-bit word trace memory that 
records 256 cycles of SUT operation without causing any 
delays. The trace memory provides information about CPU 
operation just prior to a CPU halt or just prior to the 
initiation of a panel freeze via the trace DISPLAY key. 


The operator can alternatively elect to have data recorded 
on all SUT microprocessor cycles or only when program 
execution of the SUT microprocessor generates a break- 
point match. Once the data is recorded, sequential examina- 
tion of the data can be accomplished simply by depressing 
the EXAM NEXT or EXAM LAST keys. 


ADDRESS, DATA, AND CONTROL ENTRY 


The address, data, and control variable entry into the 
instrument is accomplished via the conveniently located 
A unique feature of the unit is the ability to map its hexadecimal keypad. 

memory onto the SUT memory space. Using the overlay 
memory allows the operator to insert patch, exercise, or 
diagnostic subroutines at any location or point of execution 
in the SUT program. The subroutine can either be entered 
via the front panel hexadecima! keypad or via the front 
panel’s ROM/PROM socket. 


OVERLAY MEMORY 


For selection of the information to be displayed or modi- 
fied the operator enters the hexadecimal value of the de- 
sired address, |/O port number or label assigned to each of 
the registers. Once this entry is made, the operator can then 
elect to either CONTINUE data entry if modification is 
desired or press the END/EXECUTE key if examination 
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By using the unit’s overlay memory, the operator can only is desired. For all data entry sequences that potentially 
quickly set up the SUT to execute special maintenance require multiple value entry, the uScope'™!” 820 Micro- 
or troubleshooting programs that permit rapid evaluation processor System Console provides operator prompting to 


of system operation. 13-82 indicate the specific information expected. 
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VALUE DISPLAY/SELECT PROM/ROM SOCKET 

The value displays provide clear and easy to use informa- A front panel socket is provided for mounting 2K PROMs 
tion. Together with the address display, they provide simul- or ROMs that serve as storage for preprogrammed test 
taneous readout of trace vectors, breakpoint conditions subroutines. The actual useable program space of the 
and breakpoint mask values, memory contents and |/O port PROM/ROM is 1920 bytes. The remaining 128 bytes of 
contents. In addition, the display allows readout of all storage, shadowed by RAM, are used by the unit to identify 
single and double byte register values, the state of CPU pins up to 16 separate subroutines in the PROM/ROM and to 
and flags, information regarding the course of action fol- define the specific instrument states and conditions under 
lowing the occurrence of a breakpoint, as well as informa: which the subroutine will be called. Each of the separate 
tion regarding the breakpoint pass count. subroutines is uniquely enabled by the SUBR SELECT key 


and the hex keypad. 
The information displayed by the 4-digit hexadecimal value 
readouts is selected via the hexadecimal keypad in con- 
junction with any of the instrument's 11 dedicated examine 
keys. Further, the information is either displayed statically 
or is continually updated 10 times/sec if the unit is in the 
run with display mode. 


POWER SUPPLY 


The system console 1s complete with its own fully regulated 
DC power supply that provides all the DC power required 
by the unit itself, as well as that which is required by the 
associated microprocessor probe. The supply is completely 
self-contained, including its own AC on/off switch, line 
fuse, line filter and power cord. An additional feature of 
the power supply is that it has been designed to permit line 
voltage selection in the field to facilitate operation with a 
wide range of AC line voltages and frequencies. 


BREAKPOINT ACTION 


Following the occurrence of a breakpoint match, the 
operator has the flexibility to execute a4 number of dif- 
ferent diagnostic operations. The selection of these 
alternate courses of action is accomplished by pushing the 
EXAM ACTION key and then entering the assigned value 
of the specific action desired via the hex keypad. Further 
keypad entries specify the parametric value of the action 
selected such as the number of breakpoint pass counts or 
the start address of a subroutine call following a break- 
point. 


scope” 820 PROBE CONNECTION 


(RAPROUCESSOR SYSTEM CONSOLE ; The instrument is intended to work with many of the 
iiigiicicacai microprocessors that are available today. This is accom- 
plished by standardized interface logic which transmits and 
receives various address, data, and control signals between 
the system console and the circuitry of the particular 
probe. The interconnect circuitry between the instrument 
and probe has been designed to drive a 4-foot cable that 
permits convenient positioning of the panel and the SUT. 


In addition, a board edge connector has been provided for 
a personality ROM that provides front panel definition 
and interpretation of specific control signals for different 
types of microprocessors. This personality ROM is sup- 
plied with each probe kit. 


FRONT PANEL 


The front panel of the uScope'’™ 820 Microprocessor Sys- 

tem Console has been designed to be rugged and durable as 
BINARY DATA DISPLAY/MODIFICATION well as easy to use and understand. A plastic overlay that 
employs membrane switch contacts provides long lasting 
durability as well as protection from accidental spills. 
Audio and tactile feedback for the membrane switches |s 
provided for operator convenience. 


SUPPORT 


All 8-bit values can be displayed in binary format on the 
instrument. The binary display operates in parallel with the 
hexadecimal display and it is provided for those instances 
where operator recognition is enhanced by binary presenta- 
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tion. The selection procedure for the binary data display is Ease of use of the front panel has been further enhanced 
identical to that for the hexadecimal value display. Once by human engineering with functional grouping of switches 
the selection has been made, the operator can alter the as well as LEDs that prompt the operator during data entry 
value by means of further hex keypad entries or by sequences. Graphics have also been added to reinforce the 
changing the binary state of any of the data bits via the functional switch groupings as well as data entry proce- 


8 binary data switches. 13-83 dures. 
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TEST & INSTRUMENTATION SYSTEM 


[/LSCOPE™ PROBE 8080A 


Provides interconnection for 8080A Microproces- 
sor-based Systems to the uScope™ 820 Microproc- 
essor System Console 


Comes complete with cable, buffer box, personal- 
ity ROM, and uScope 820 system console overlay 


Has user system interconnect cable with integral 
ground plane for low noise operation 


Connects via a 4 foot cable to the pScope 820 
Console 


Operates over a broad range of environmental 
conditions 


Provides complete control over the system under 
test, yet causes minimal interference with system 
under test operation 


Fits securely in the console carrying case during 
transit 


Provides complete protection for plug pins during 
transit 


The probe 8080A provides the uScope 820 console with the ability to interact with 8080A Microcomputer-based Systems. 
The purpose of the probe is to interface the uScope 820 console to the CPU of the System Under Test (SUT). All of the 
interface signals and the associated circuitry have been designed to be effectively transparent to the SUT. CPU data, address, 
and clock lines are sensed by the probe 8080A, with only the CPU control lines being switched. In addition, all SUT loading 
and timing degradations have been minimized by specially designed buffer circuitry. 


The mechanical design of the probe is compact, rugged, and allows proper operation of the probe and the console over the 
full ambient range specified. The buffer circuitry and the ground plane design of the interconnect cable provide low noise 
electrical signals while allowing the SUT to be 4 feet from the system console. 
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SCOPE™ PROBE 8080A 
LL 


GENERAL 


USCOPE 820 CONSOLE INTERCONNECT 


The probe interconnection to the uScope 820 console is 
accomplished via a 1.2m (4 ft) flat cable. 50-pin mating 
connectors plug into a board edge connector in the power 
cord compartment of the instrument and into a flat cable 
connector on the buffer box. 


SYSTEM UNDER TEST (SUT) INTERCONNECT 


Interconnection from the buffer box to the SUT is accom- 
plished with a 406 mm (16 in.) flat cable, complete with 
an integral ground plane, which is terminated with a low 
profile 40-pin DIP connector. The DIP connector is 
inserted into the SUT 8080A socket and the 8080A itself is 
plugged into the 40-pin socket provided on the probe 
buffer box. 


USCOPE 820 CONSOLE CONFIGURATION 


Several features of the console are directly determined by 
the probe being used with it. The instrument features that 
are determined by the 8080A interface probe are: 


e Single Registers: A,B, C, D, E, H, L 
e Double Registers: BC, DE, Hi., PC, SP 


e CPU States: Flags, CPU pins (SYNC, RESET, HLDA, 
HOLD, READY, INT, INTE) 


e Trace/Breakpoint Word Size: 32 bits with 16 bits of 
address, 8 bits of data and 8 bits of CPU status. 


ELECTRICAL SPECIFICATIONS 


All DC specifications are in addition to user system param- 
eters. All capacitance values include cables and connectors. 


Non-Intercepted Signals 
$1, $2 
A15—Ao, D7—Do 


+10 vA max; 55 pF typical 


-0.25 mA max @ 0.45V; 30 uA max 


@ 5.25V; 49 pF typical 
+12V Supply 15 wA max 


WAIT 35 pF typical (capacitive loading only) 


Intercepted Signals 
Outputs to user system: 


SYNC 20 mA min @ 0.5V; -1 mA min @ 
2.7V; 40 pF typical 


HOLDA, INTE, 4 mA min @ 0.4V; -0.2 mA min @ 
DBIN, andWR_~ 2.7V; 40 pF typical 


ORDERING INFORMATION 
Part Number 
PRB-80 


Description 
8080A Interface Probe 
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Inputs from user system: 


INT, READY, 40 uA max @ 2.7V; -0.72 mA max @ 
RESET 0.4V; 50 pF typical 
HOLD 60 uA max @ 2.7V; -1.08 mA max @ 


0.4V; 50 pF typical 


CONNECTIONS 

Three external connections to the probe are provided: 
e 50-pin flat cable connector on buffer box 
e 40-pin zero insertion socket for the 8080A 


e 40-pin low profile replaceable IC DIP connector for 
connection to SUT 
CHARACTERISTICS 


PHYSICAL CHARACTERISTICS 
Probe Buffer Box: 


Height: 19mm _ (3/4 in.) 
Length: 184mm _ (7-1/4 in.) 
Width: 95mm _ (3-3/4 in.) 


User System Interconnect Cable: 

Width: 57 mm (2-1/4 in.) 

Length: 406 mm (16 in.) flat cable 
UuScope 820 Console Personality ROM PC Card: 


Height: 19 mm (3/4 in.) 
Width: 57 mm (2-1/4 in.) 
Length: 83mm (3-1/4 in.) 


POWER REQUIREMENTS 


Power supplied by uScope’™ 820 Microprocessor System 
Console. 


ENVIRONMENTAL CONDITIONS 
0° to 55°C (32° to 130°F) 
-40°C to 75°C (-40° to 167°F) 


95% RH, 15° to 40°C (59° to 
104°F) noncondensing 


Operating Temperature: 
Storage Temperature: 
Humidity: 


ACCESSORIES SUPPLIED 


One uScope 820 System Console Overlay 
One Personality ROM 
One Hardware Reference Manual 
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MICROCOMPUTER TRAINING PROGRAMS 


Courses presented at training centers and customer facilities. System demonstrations. 


Training Centers 
— Boston 


Hands-on laboratory sessions reinforce lecture. 
— Chicago 


— Santa Clara 


Training center classes limited to 14 attendees. 
Scheduled on a continuing basis throughout the year. 
Intellec® Microcomputer Development Systems with In- 
On-site courses tuned to customer requirements. Circuit Emulators in laboratory. 


Microcomputers are being used in hundreds of applications from simple controllers to complex data processing systems. To 
enable users to bring microcomputers into their applications, Intel offers a selection of workshops that are designed to pro- 
vide you with the ‘‘tools’’ for making optimum use of Intel microcomputers in system development. 


COURSE PREREQUISITES: 


MCS-80/85"™" System, MCS-48™System, PL/M-80 Language/Software Design, General Purpose Peripherals, 
Dedicated Function Peripherals Workshops. The course prerequisites are a knowledge of binary and hexadecimal 
number systems and basic logic functions. To attain maximum benefit from course presentation, some background in logic 
design or computer programming is recommended. 


RMX-80™ System Workshop. A working knowledge of the 8080 (or 8085) and the Intellec Microcomputer Development 
System, or attendance at the MCS-80/85 System Workshop is required. For those that are unfamiliar with the concepts and 
implementation of modular program design, we recommend attendance at the PL/M-80 Language/Software Design Workshop. 


REGISTRATION AND ADDITIONAL INFORMATION: Contact MCSD Training at Intel Corporation, Santa Clara, 
California 95051, (408) 987-8003 or 987-8004 or your local Intel sales office. 
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MICROCOMPUTER TRAINING PROGRAMS 


MCS-80/85 System Workshop 


This workshop will prepare the student to design and develop a system using 


the Intel® 8080/8085 microprocessors through 


the use of lecture, 


demonstration, and laboratory “hands-on” experience with the Intellec® 
Microcomputer Development System and In-Circuit Emulator. 


COURSE OUTLINE: 


Day 1 
Introduction 
a. Microprocessor System 
1. Function 
2. Organization 
3. Programming 
b. Central Processor Overview 
1. Functional Sections 
2. Programming Model 
3. Execution Sequence 
Assembly Language Instructions 
a. Input/Output 
b. Register/Memory Reference 
c. Arithmetic, Logical, Rotates 
Programmed Input/Output 
a. Status Request 
b. Command 
c. Data Transfer 
Development System 
a. Function 
b. System Monitor 
c. Disk Operating System 
Debugging With the System Monitor 
a. Break Points 
b. Examine Registers 
Laboratory 
a. Using the System Monitor 
b. Program Instruction Sequences 
c. Debugging and Break Points 


Day 2 

Disk Operating System Modules 
a. Macro Assembler 

b. Text Editor 

c. File Utility Commands 
System Timing 

a. Instructions 

b. State Transition 

c. Signal Relationships 

d. Specifications 


Subroutines 

a. Invocation 

b. Stack Memory 

c. Parameters 

Interrupt System 

a. Description 

b. RST Instruction 

c. Service Subroutines 

Laboratory 

a. Using the Disk Operating 
System 

b. Program Assembly and 
Execution 


Day 3 

Branch Tables 

a. Application 

b. Construction 

Direct Load/Store Instructions 

Special Purpose Instructions 

Macros 

a. Definition 

b. Reference 

c. Expansion 

8080A CPU Set 

a. 8228/8238 System Controller 

b. 8224 Clock Generator 

c. RAM/ROM/PROM Address 
Decoding 

d. Memory Mapped |/O 

8085 CPU Set 

a. 8085 Bus Structure 

b. 8355/8755 ROM/EPROM 
and |/O 

c. 8155 RAM/Timer and |/O 

Laboratory 

a. Monitor Subroutines 

b. Program DEBUG Under Disk 
Operating System 
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Day 4 


F 
a 


b. 


amily Peripherals 

. Memory Design 

1. 8708 PROM 

2. 2114 RAM 

I/O Design 

1. 8255 Parallel Interface 
2. 8251 Serial Interface 


In-Circuit Emulator 


~o a0 0 ® 


L 
a 


. Prototype Development 
. Resource Sharing 
. Mapping Commands 
. Utility Commands 
. Debug Commands 
Emulation Syntax 
aboratory 
. Use of the In-Circuit Emulator 
for System Debugging 


Day 5 
Single Board Computers 


ea0cD 


Use as a System Component 
Parallel |/O Options 

Serial |1/O Options 

Interrupt System 

. Family Boards 


Relocation and Linkage 


a. 


b. 
c. 
d. 


ISIS-Il LINK and LOCATE 
Commands 

Relocatable Libraries 
Parameter Passing 
System Design 
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MICROCOMPUTER TRAINING PROGRAMS 


RMX-80 Real-time Multi-tasking Executive 
System Workshop 


This workshop will cover the concepts of multi-tasking, i.e., what a task is, 
concurrency of tasks, asynchronous events, priorities and scheduling, 
resource sharing, interrupts and inter-task communication. Also included will 
be discussions on system design, writing tasks, system generation and 


debugging. 
COURSE OUTLINE: 


Day 1 
Introduction 
a. Preview of Workshop 
What is RMX/80 
a. Constituent Parts of the 
RMX/80 Product 
b. Overview of the RMX/80 
Development Process 
Review of the Development Process 
a. Intel 8080/8085 Translators 
1. Assembler 
2. PL/M-80 Compiler 
3. Translator DEBUG option 
(In-Circuit Emulator) 
b. ISIS-I1 Commands 
c. LINKing Task Modules with the 
RMX/80 Nucleus and Intel 
Provided Tasks 
d. LOCATEing the Final Module in 
an End Product Environment 
(Single Board Computer Modules) 
e. Debugging the Task Environment 
Real Time Asynchronous Event 
Processing 
a. Definition of Terminology 
b. Recognition of Asynchronous 
Events 
1. Polling (Status Loop) 
2. Preemption (Interrupt) 
c. The Single Unit Program 
1. Status Environment 
2. Interrupt Environment 
d. Program Execution 
1. Sequential Processing 
2. Concurrent Processing 
Day 2 
RMX/80 Model 
a. Task 
1. Single Unit Program 


b. Exchanges and Messages 
1. SEND Function 
2. WAIT Function 

c. Context Switching and 
Dispatching of Tasks 
1. Task States 

d. A Sequential Model 

e. A Concurrent Model 

f. The Interrupt Exchange/Message 
1. Interrupt Levels 


RMX/80 Terminal Handler 

a. Message Formats 

b. Service Request Exchanges 
1. Terminal Input (Line Edited) 
2. Terminal Output 

c. Service Response Exchanges 


Implementing an RMX Task(s) 

Module 

a. Translator INCLUDE option 

. Creating a Task(s) Module 

RMX/80 System Creation 

Configuration Module 

. System Generation 

Laboratory 

a. Implementation of Two Modules 

Day 3 

Laboratory 

a. Implement Configuration Module 
and System Generation 


eA200 


Use of In-Circuit Emulator 
to Emulate Task System 


a. Hardware Considerations 


Terminal Handler 

a. Line Edit Input 

b. Control Character Table 

c. Alarm Exchange — Alarm 
Message Type 

d. DEBUGGER and Wakeup 
Exchange 
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DEBUGGER Task 
a. Configuration 
b. Invoking the DEBUGGER 
c. DEBUGGER Commands 
Day 4 
RMX/80 Interrupt Processing 
a. Interrupt Exchanges 
b. Enabling and Disabling Interrupt 
Levels 
c. Software Priorities and Interrupt 
Masking 
d. SBC 80/10 User Required 
Interrupt Services 
1. Interrupt Poll Routines 
2. Clock Control Routines 
e. User Defined Interrupt Handling 
Line Printer Driver Task Example 
a. Interrupt Handling 
1. Using RMX/80 Model 
2. User Defined Handler 
Analog !/O Tasks 
High Speed Math Unit Tasks 
Laboratory 
a. Interrupt Handling 
Day 5 
Disk File System 
a. Disk File System Services 
1. File Access 3. File Seek 
2. File Read/Write 4. Disk |/O 
b. Add-on ISIS-I! Services 
1. File Attributes 
2. File Rename 
3. File Delete 
c. Configuration 
1. Free Space Manager 
2. Concurrent Operation 
d. File System Structure 
1. Directory Format 
2. File Data Format 
Laboratory 
a. Disk File System 


MICROCOMPUTER TRAINING PROGRAMS 


MCS - 48"System Workshop 


This workshop will prepare the student to design and develop asystem using 
the Intel 8048 microprocessor through the use of lecture, demonstration and 
laboratory “hands-on” experience with the Intellec® Development System, 
PROMPT-48, and In-Circuit Emulator. 


COURSE OUTLINE: 


Day 1 
Orientation 


Introduction 

a. Microprocessor System 
1. Function 
2. Organization 
3. Programming 

b. 8048 Overview 
1. Functional Sections 
2. Programming Model 
3. Execution Sequence 


Assembly Language Instructions 
a. I/O Instructions 
b. Data Move Instructions 
c. Increment/Decrement Instructions 
d. Branch Instructions 
e. Worksession No. 1 
f. Accumulator Group Instructions 
1. ADD/ADDC 
2. Logicals 


PROMPT-48 
a. Function 
b. Operation 


Laboratory Exercise 
a. Program Entry and Execution 
Using PROMPT-48 


Day 2 
Assembly Language Instructions 
a. Accumulator Group Instructions 
1. Flags 
2. Rotates 
b. Specials (XCH, DA, SWAP) 
. Worksession No. 2 
. Subroutines 
1. Invocation 
2. Stack Operation 
e. Interrupt System 
1. Description 
2. Service Subroutines 
3. Multiple Source Systems 


ao 


Development System 
a. Function 
b. Disk Operating System 


Text Editor and Macro Assembler 
a. Function 
b. Operation 


Laboratory Exercise 

a. Bootstrap Procedures 

b. Create, Edit, and Assemble 
Source Program 

c. Execute Program 


Day 3 

System Timing 

a. Basic Timing and Timer 

b. Bus Timing for Peripheral Devices 


Peripherals and Design 
a. Expanding Memory" 
1. Program Memory (1, 2K ROMs) 
2. Data Memory (RAMs) 
b. Expanding Ports (8243)* 
1. Device Characteristics 
2. Software Control of Ports 
c. Combination Chips* 
1. 8155 RAM and I/O Chip 
2. 8355, 8755 ROM and 1/O Chip 
d. Peripheral Interfacing (Parallel) * 
1. 8255 Parallel |/O 
2. 8279 Keyboard and Display 
Interface 
—Keyboard Scanning 
Techniques 
—Display Refresh 


Laboratory Exercise 
a. Edit and Assemble Using DOS 
b. Execute Using PROMPT-48 
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Day 4 
Peripherals and Design 
a. Peripheral Interfacing (Serial) * 
1. Transmission Formats 
2. Asynchronous Operation 
3. RS232C Interface 
b. A/D and D/A Interfacing” 
1. Successive 
Approximation A/D 
2. A/D, D/A Chips 
3. A/D Design 
Laboratory Exercise 
a. Edit and Assemble Programs 
b. Execute Programs 


Day 5 
8048 Family 
a. 8041 Overview 
1. 8041/8048 Difference 
2. 8041 Slave/Master Protocol 
b. 8021 Overview 
c. 8049 Overview 
In-Circuit Emulator 
a. Prototype Development 
b. Resource Sharing 
c. Commands 
1. Mapping 
2. Utility 
3. Interrogation 
4. Emulation 
Laboratory 
a. Use of the In-Circuit Emulator 
for System Debugging 


*Each section will consist of a design 
example including schematic, bus 
loading calculations, software, and 
timing. 
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MICROCOMPUTER TRAINING PROGRAMS 


PL/M-80 Language/Software Design Workshop 


This workshop will prepare the student for designing, developing and 
debugging modular PL/M-80 programs using lecture, demonstration, and 


laboratory “hands-on” 


Development System and In-Circuit Emulator. 


COURSE OUTLINE: 


Day 1 

Introduction 

a. Preview of Course 

b. Overview of PL/M, Linking and 
Relocation 

c. Why use a High Level Language 


Definitions 
Symbols, Identifiers, Reserved 
Words, Comments, Data Elements, 
Expressions, Statements, 
Declarations 

Data Elements 
Variables, Subscripted Variables, 
Data Type, Constants 

Operators, Operations and Priorities 
Arithmetic and Boolean 


Evaluating Expressions 


Statements 
Redefine, Basic, Conditional 


Assignment 
a. Implement a Given Algorithm in 
PL/M 


Day 2 
ISIS-I1 Disc Operating System 
a. Components of System 


ISIS-I1 File Structure 

a. System Files 

b. User Files 

c. Device Files 

d. Directory and File Attributes 


ISIS-I| Commands 

a. CUSPS — Commonly Used 
System Programs 

b. Directory and Attribute 
Commands 

c. Rename and Delete Commands 

d. Creating System and 
User Discs 


ISIS-I1 Editor 

a. Definition of Terminology 
b. Invoking the Editor 

c. Editor Commands 

d. Editing Existing Files 
ISIS-I| PL/M 80 Compiler 

a. Invoking PL/M 

b. Compiler Options 

ISIS-II Locate 

a. Invoking Locate 


Laboratory 

a. Introduction to ISIS-II Disc 
Operating System 

b. Creating a PL/M Source File 

c. Compiling a PL/M Program 

d. Locating and Executing a PL/M 
Program 


Day 3 

Review 

Procedures 

a. Declaration 

b. Invocation 

c. Program Construction 


Data References 
a. Based Variables 
b. Variable Equivalencing 


Statement Labels 


Unconditional Transfers 
Blocks 

a. Concept and Use 

b. Scope of Declarations 

c. Modular Compilation 

d. Modular Program 

ISIS-iI Link 

a. Invoking Link 

b. Link Options 

c. Assembly Object Modules 
Laboratory 

a. Compile Program Modules 
b. Link and Locate Modules 
c. Execute Program 
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experience with the Intellec® Microcomputer 


Day 4 
Review 
ISIS-I1 Librarian 
a. Creating a Library 
b. Managing a Library 
1. Adding Modules 
2. Deleting Modules 
ISIS-I] System Interfaces 
a. System Library 
In-Circuit Emulator 
a. Definition 
b. System Overview 
1. Memory and |I/C Mapping 
2. Breakpoint Capability 
3. Dynamic Tracing 
4. Control Block 
In-Circuit Emulator Software Driver 
a. Modes 
b. Commands 
System Debugging Examples 
System Demonstration 
Laboratory 
a. Create a Library 
b. Link Object to a Library 
c. Locate 
d. Load and Emulate Using 
In-Circuit Emulator 


Day 5 

Review 

Interrupt Procedures 

Reentrant Procedures 

Predeclared Procedures 

a. TIME, MOVE, LENGTH, LAST and 
SIZE Procedures 

b. Type Transfers 

c. Shifts and Rotates 

The Memory Array and STACKPTR 

Variables 

Discussion of Selected Programs 

Laboratory 

a. Execution and Debugging of 
Selected Programs 
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INTEL MILITARY PRODUCTS 
IC 38510 PROGRAM 


In 1977, Intel qualified the first military microprocessor to JAN MIL-M-38510. The JAN version of 
the 8080A, designated JM38510/420, is manufactured on Intel’s DESC-certified production line. 


Intel also offers other selected products for high reliability military applications. The in-house 
1C38510 Program emulates the anticipated JAN processing and lot acceptance requirements and is 
in full compliance with the testing and screening requirements of MIL-M-38510D and MIL-STD-883B. 


Intel Specifications are available which document general and detailed requirements for each of the 
military products. Detail specifications are organized by generic family and provide all information 
necessary for non-standard parts submissions in accordance with MIL-STD-749, Step |, Step II, and 
Step Ill. These documents are available from your local Intel Sales Office or authorized Intel 
Distributor. 


Three levels of product assurance are offered: Level B, Level C, and Military Temperature Only. 


The Military Temperature level products have guaranteed operating characteristics over the speci- 
fied temperature range and have undergone Intel’s rigid product assurance requirements. 


Level B and Level C products are in conformance with MIL-STD-883, Method 5004 requirements, 
and in addition, have a specified maximum rebond criteria (10%) and a specified burn-in PDA (10%), 
all documented in the detail specifications, consistent with 38510 requirements. Lot conformance 
tests are performed in accordance with MIL-STD-883, Method 5005. 


INTEL MILITARY PRODUCTS 


MCs-80'™ 3000 Series PROMs RAMs 
M8080A M3001 M1702A M2111A 
M8212 M3002 M2708 M2102A-4 
M8214 M3003 M2716* M2114* 
M8216 M3604A M2115A 
M8224 M3624A M2115AL 
M8226 M2125A 
M8228 M2125AL 
M8251 M2147* 
M8255A M5101L-4 


*New Product to be released by mid-year 1978. Contact Intel representative for details. 


Wafers ¢ ) 
Lead Frame 

and Base ©@ 
Cap ¢ ) 


LEVEL B AND C 


MILITARY PRODUCTS MANUFACTURING FLOW 
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Incoming QC Raw Material Inspection 


Incoming QC Silicon Wafer Inspection 


Wafer Fabrication 


Optical Inspection 


Wafer Sort 


Scribe and Break 
DI Water Die Clean 


Post Break Chip Inspection — 
MIL-STD-883B, Method 2010/B 


Lead Frame Attach 


Visual Inspection for Alignment 
and Glass Flow 


Die Attach: Jumper Chip Attach 


Aluminum Ultrasonic Wire Bond 


7 


Die Attach and Bond Inspection 
per MIL-STD-883B, Method 2010/B 


Cap Seal 


Temperature Cycle, per MIL-STD-883B, 
Method 1010 Condition C, 


Centrifuge, per MIL-STD 883B, Method 
2001, Condition E, Yj Axis 


Hermeticity Testing: Fine Leak — Helium 


or Kr 85 to 5x 10-8 ce/sec. 


Gross Leak — Fluorocarbon, 


Optical Inspections 
Contamination Checks 
Particle Counts 
Critical Dimensions 


QA Wafer Inspection 
and Die Count 


QA Post Break Chip 
Inspection, MIL-STD- 
883B, Method 2010/B 


Visual Inspection of 
Die Attached Units. 
Monitor of Die Attach 
Machines. 


Bond Pull Acceptance to 
Monitor Bond Strengths per 
MIL-STD-883B, Method 2011 


QA Die Attach and Bond 
Inspection per MIL-STD-883B, 
Method 2010 Condition B 
AQL =1% 


QA Seal Monitor. Cap 
Alignment and Glass Flow 


Stabilization Bake, 
150°C, 24 Hours 


Condition Cz, 100% MIL-STD- 


883B, Method 1014 


Tin Plate 


Trim Tie Bar 
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QA Tin Thickness Monitor 
Thickness Spec 20-700 
Microinches 


Hermeticity Lot Acceptance 
AQL=1% 
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LEVEL B ANDC 
MILITARY PRODUCTS MANUFACTURING FLOW (Cont'd) 


fA Final Visual — Package, Seal Date Code, 
Country of Origin, and 
Lead Inspection 


Final Visual Lot 
Acceptance, AQL = 1% 


| | Plant Outgoing Inspection* 


e Mark, Tube Load and Opens and Shorts 
Testing 
> Ship to USA 
® Stabilization Bake — 150 C, 24 Hours 
Incoming Inspection of 
Foreign Assembly Plant 
Shipments**. LTPD 
Dependent Upon Test 
C, 25'C Interim Electrical Tests, Level 
d B Products Only per MIL-STD-883B 
Burn-in (Level B Products Only) per 
t MIL-STD-883B, Method 1015, Condition 
C or F 
& 100% Electrical Tests at 25°C 


(AC, DC, Function) 


, 100% Electrical Test at -55°C 
a (AC, DC, Function) Level B Product Only 


¥, 100% Electrical Tests at +125 C 
a (AC, DC, Function) Level B Product Only 


Mark Customer Number Final QA Visual and Electrical 
Tests at 25°C, -55°C, and 125°C 
| |} LTPD = 5 (AC, DC and Function) 
(-55°C and +125°C Testing On 
Levels B and C Product Only) 


Group B Tests Performed per 
MIL-STD-883B, Method 5005, 

aaeemneetmcemiee © for Lot Conformance. (Levels 
B and C Only) 


Group C and D Tests Performed 
per MIL-STD-883B, Method 5005, 
CJ for Lot Conformance. (Levels B 
* Ship to Customer and C Only) 


PIECE PARTS C© MANUFACTURING OPERATION LA 2A Monitor 


©) (4) MANUFACTURING INSPECTION OR TEST [[] QA LOT ACCEPTANCE 


*Outgoing Acceptance (Plant Clearance) Inspections: **Incoming Inspection Testing: 


Test LTPD 
. Hermeticity 5 


Test 


. X-Ray, Die Attach and 


. Centrifuge Seal Quality 


. X-Ray 7 . External Visual 


. Opens and Shorts 


. Lead Fatigue 20 


. Acoustic (Loose Particles) AQL = .04% » PR MGt CIty 


. Lead Fatigue 


. Internal Visual 
. Bond Pull 
. Acoustic (1000 Particles) AQL = .04% 
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NOTES 


NOTES 
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3065 Bowers Avenue 

Santa Clara, California 95051 
Tel: (408) 987-8080* * 


TWX: 910-338-0026 
TELEX: 34-6372 


MICROCOMPUTER AND MEMORY COMPONENT 


U.S. AND CANADIAN SALES OFFICES 


ALABAMA 

Glen White Associates 
7844 Horseshoe Trail 
Huntsville 35802 

Tel: (205) 883-9394 


ARIZONA 

Intel Corp. 

8650 N. 35th Avenue 
Phoenix 85021 

Tel: (602) 242-7205 


CALIFORNIA 

Intel Corp. 

15335 Morrison 
Suite 345 

Sherman Oaks 91403 
(213) 986-9510 
TWX: 910-495-2045 


Intel Corp.* 

990 E. Arques Ave. 
Suite 112 
Sunnyvale 94086 
Tel: (408) 738-3870 
TWX: 910-339-9279 
TWX: 910-338-0255 
Mac-! 

2576 Shattuck 
Suite 4B 

Berkeley 94704 
Tel: (415) 843-7625 


Mac-! 

P.O. Box 1420 
Cupertino 95014 

Tel: (408) 257-9880 
Earle Associates, Inc. 
4805 Mercury Street 
Suite L 

San Diego 92111 

Tel: (714) 278-5441 
TWX: 910-335-1585 
Mac-! 

P.O. Box 8763 
Fountain Valley 92708 
Tel: (714) 839-3341 
intel Corp.* 

1651 East 4th Street 
Suite 150 

Santa Ana 92701 

Tel: (714) 835-9642 
TWX: 910-595-1114 


COLORADO 

Intel Corp. 

6000 East Evans Ave. 
Bidg. 1, Suite 260 
Denver 80222 

Tel: (303) 758-8086 
TWX: 910-931-2289 


CONNECTICUT 

Intel Corp. 

Peacock Alley 

1 Padanaram Road, Suite 146 
Danbury 06810 

Tel: (203) 792-8366 

TWX: 710-456-1199 


FLORIDA 
Intel Corp. 


1001 N.W. 62nd Street, Suite 406 


Ft. Lauderdale 33309 

Tel: (305) 771-0600 

TWX: 510-956-9407 

Intel Corp. 

5151 Adanson Street, Suite 105 
Orlando 32804 

Tel: (305) 628-2393 

TWX: 810-853-9219 


ILLINOIS 

Intel Corp.* 

1000 Jorie Boulevard 
Suite 224 

Oakbrook 60521 

Tel: (312) 325-9510 
TWX: 910-651-5881 


IOWA 


Technical Representatives, Inc. 


St. Andrews Building 

1930 St. Andrews Drive N.E. 
Cedar Rapids 52402 

Tel: (319) 393-5510 


Technical Representatives, Inc. 


8245 Nieman Road, Suite 7100 
Lenexa 66214 

Tel: (913) 888-0212, 3, & 4 
TWX: 910-749-6412 


MARYLAND 

Glen White Associates 
57 West Timonium Road 
Timonium 21093 

Tel: (301) 252-6360 


Intel Corp.* 

57 West Timonium Road 
Suite 307 

Timonium 21093 

Tel: (301) 252-7742 
TWX: 710-232-1807 


MASSACHUSETTS 

Intel Corp.* 

187 Billerica Road, Suite 14A 
Chelmsford 01824 

Tel: (617) 256-6567 

TWX: 710-343-6333 


EUROPEAN MARKETING OFFICES 


BELGIUM 

Intel International” 
Rue du Moulin a Papier 
51-Boite 1 

B-1160 Brussels 

Tel: (02) 660 30 10 
TELEX: 24814 


FRANCE 

Intel Corporation, S.A.R.L.* 
74, Rue D’Arcueil 

Silic 223 

94528 Rungis Cedex 

Tel: (01) 687 22 21 
TELEX: 270475 


ORIENT MARKETING OFFICES 


JAPAN 

Intel Japan Corporation” 

Flower Hill-Shinmachi East Bidg. 
1-23-9, Shinmachi, Setagaya-ku 
Tokyo 154 

Tel: (03) 426-9261 

TELEX: 781-28426 


TAIWAN 

Taiwan Automation Co.* 
2nd Floor, 224 

Nanking East Road 
Section 3 

Taipei 

Tel: (02) 7710940-3 
TELEX: 11942 TAIAUTO 


INTERNATIONAL DISTRIBUTORS 


ARGENTINA 

S.LE.S.A. 

Av. Pte. Rogue Saenz Pena 1142 9B 
1035 Buenos Aires 

Tel: 35-6784 


AUSTRALIA 

A. J. Ferguson (Adelaide) PTY, Ltd. 
44 Prospect Rd. 

Prospect 5082 

South Australia 17005 

Tel: 269-1244 

TELEX: 82635 

A. J. Ferguson Electronics 
34 Herbert Street 

West Ryde, N.S.W. 2114 
Tel: AC8 269-1244 

TELEX: 82635 


Warburton-Frankie (Sydney) Pty. Ltd. 


199 Parramatta Road 

Auburn, N.S.W. 2114 

Tel: 648-1711, 648-1381 
TELEX: WARFRAN AA 22265 
Warburton-Frankie Industries 
(Melbourne) Pty. Ltd. 

220 Park Street 

South Melbourne, Victoria 3205 
Tel: 699-4999 

TELEX: WARFRAN AA 31370 


AUSTRIA 

Bacher Elektronische Gerate GmbH 
Meidlinger Hauptstrasse 78 

A 1120 Vienna 

Tel: (0222) 83 63 96 

TELEX: (01) 1532 


BELGIUM 

Ineico Belgium S.A. 
Avenue Val Duchesse, 3 
B-1160 Brussels 

Tel: (02) 660 00 12 
TELEX: 25441 


**Note New Telephone Number 


ee 


DENMARK 
Scandinavian Semiconductor 
pd A/S 


Tel: (01) 93 50 90 
TELEX: 19037 


FINLAND 

Oy Fintronic AB 
Loennrotinkatu 35D 
SF 00180 

Helsinki 18 

Tel: (90) 664 451 
TELEX: 12426 


FRANCE 

Tekelec Airtronic 
Cite des Bruyeres 
Rue Carle Vernet 
92310 Sevres 

Tel: (1) 027 75 35 
TELEX: 250997 


GERMANY 

Alfred Neye Enatachnik GmbH 
Schillerstrasse 14 

D-2085 Quickborn-Hamburg 
Tel: (04106) 6121 

TELEX: 02-13590 


Electronic 2000 Vertriebs GmbH 


Neumarkter Strasse 75 
D-8000 Muenchen 80 
Tel: (089) 434061 
TELEX: 522561 
Jermyn GmbH 
Postfach 1146 

D-6277 Kamberg 

Tel: (06434) 6005 
TELEX: 484426 


MICHIGAN 

Intel Corp. 

26500 Northwestern Hwy. 
Suite 401 

Southfield 48075 

Tel: (313) 353-0920 
TWX: 910-420-1212 
TELEX: 231143 


MINNESOTA 

Intel Corp. 

8200 Normandale Avenue 
Suite 422 

Bloomington 55437 

Tel: (612) 835-6722 

TWX: 910-576-2867 


MISSOURI 

Technical Representatives, Inc. 
Trade Center Bidg. 

300 Brookes Drive, Suite 108 
Hazelwood 63042 

Tel: (314) 731-5200 

TWX: 910-762-0618 


NEW JERSEY 
Intel Corp. 

2 Kilmer Road 
Edison 08817 

Tel: (201) 985-9100 
TWX: 710-480-6238 


NEW YORK 

Intel Corp.* 

350 Vanderbilt Motor Pkwy. 
Suite 402 

Hauppauge 11787 

Tel: (516) 231-3300 

TWX: 510-227-6236 


intel Corp. 

474 Thurston Road 
Rochester, N.Y. 14619 
Tel: (716) 328-7340 
TWX: 510-253-3841 
T-Squared 

4054 Newcourt Ave. 
Syracuse 13206 
Tel: (315) 463-8592 
TWX: 710 541-0554 
T-Squared 

640 Kreag Road 
P.O. Box W 
Pittsford 14534 

Tel: (716) 248-5005 
TELEX: 97-8289 


SCANDINAVIA 

Intel Scandinavia A/S* 
Lyngbyvej 32 2nd Floor 
OK-2100 Copenhagen East 
Denmark 

Tel: (01) 18 20 00 

TELEX: 19567 


Intel Sweden AB* 
Box 20092 
S-16120 Bromma 
Sweden 

Tel: (08) 98 53 90 
TELEX: 12261 


HONG KONG 

China Electronics 

Sea Bird House, 9th Floor 
22-28 Wyndham Street 
Hong Kong 


INDIA 

Electronics International 
128 Mahatma Gandhi Road 
Secunderabad 

Tel: 73720 

TELEX: 015-363 

CABLE: GUNTICO 


ISRAEL 
Eastronics Ltd.* 
11 Rozanis Street 
P.O. Box 39300 
Tel-Aviv 

Tel: 475151 
TELEX: 33638 


ITALY 

Eledra 3S S.P.A.* 

Viale Elvezia, 18 

20154 Milan, 

Tel: (02) 3493041 

TELEX: 39332 

Eledra 3S S.P.A.* 

Via Paolo Gaidano, 141D 
10137 Torino 

TEL: (011) 30 97 097 - 30 97 114 


Eledra 3S S.P.A.* 

Via Giuseppe Valmarana, 63 
00139 Rome, Italy 

Tel: (06) 81 27 290 - 81 27 324 
TELEX: 63051 


JAPAN 

Pan Electron 

No. 1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel: (045) 471-8811 
TELEX: 781-4773 


NEW YORK (cont.) 

Intel Corp. 

85 Market Street 
Poughkeepsie, New York 12601 
Tel: (914) 473-2303 

TWX: 510-248-0060 


NORTH CAROLINA 

Glen White Associates 

3700 Computer Dr., Suite 330 
Raleigh 27609 

Tel: (919) 787-7016 


OHIO 

Intel Corp.* 

8312 North Main Street 
Dayton 45415 

Tel: (513) 890-5350 
TELEX: 288-004 


Intel Corp.* 
Chagrin-Brainard Bidg. 
28001 Chagrin Bivd. 
Cleveland 44122 

Tel: (216) 464-2736 


OREGON 

ES/Chase Company 

7100 S.W. Hampton Street 
Suite 121 

Portland 97223 

Tel: (503) 620-9616 


PENNSYLVANIA 

Intel Corp.* 

520 Pennsylvania Ave. 
Fort Washington 19034 
Tet: (215) 542-9444 
TWX: 510-661-0709 


TENNESSEE 

Glen White Associates 
Rt. #12, Norwood S/D 
Jonesboro 37659 

Tel: (615) 477-8850 
Glen White Associates 
2523 Howard Road 
Germantown 38138 
Tel: (901) 754-0483 
Glen White Associates 
6446 Ridge Lake Road 
Hixon 37343 

Tel: (615) 842-7799 


ENGLAND 

Intel Corporation (U.K.) Ltd.* 
Broadfield House 

4 Between Towns Road 
Cowley, Oxford OX4 3NB 

Tel: (0865) 77 14 31 

TELEX: 837203 

Intel Corporation (U.K.) Ltd. 
46-50 Beam Street 
Nantwich, Cheshire CW5 5LJ 
Tel: (0270) 62 65 60 

TELEX: 36620 


KOREA 
Koram Digital 
Sam Yung Bidg. #303 


71-2 Bukchang - Dong Chung-Ku 


Seoul 100 


JAPAN (cont.) 

Ryoyo Electric Corp. 
Konwa Bidg. 

1-12-22, Tsukiji, 1-Chome 
Chuo-Ku, Tokyo 104 

Tel: (03) 543-7711 


Nippon Micro Computer Co. Ltd. 


Mutsumi Bldg. 4-5-21 Kojimachi 
Chiyoda-ku, Tokyo 102 
Tel: (03) 230-0041 


NETHERLANDS 
Ineico Nederland 
AFD Elektronic 

Joan Muyskenweg 22 
NL-1006 Amsterdam 
Tel: (020) 934824 
TELEX: 14622 


NEW ZEALAND 

W. K. McLean Ltd. 

103-5 Felton Matthew Avenue 
Glenn Innes, Auckland 

Tel: 587-037 

TELEX: NZ2763 


NORWAY 

Nordisk Elektronik (Norge) A/S 
Mustads Vei 1 

N-Oslo 2 

Tel: (02) 55 38 93 

TELEX: 16963 


PORTUGAL 
Ditram 


Componentes E Electronica LDA 


Av. Miguel Bombarda, 133 
Lisboa 1 
Tel: 119 45 313 


SOUTH AFRICA 

Electronic Building Elements 
P.O. Box 4609 

Pretoria 

Tel: 78 92 21 

TELEX: 30181 


SALES AND MARKETING OFFICES 


TEXAS 

Intel Corp. 

6776 S.W. Freeway 

Suite 550 

Houston 77074 

Tel: (713) 784-3400 
Mycrosystems Marketing Inc. 
13777 N. Central Expressway 
Suite 405 

Dallas 75243 

Tel: (214) 238-7157 

TWX: 910-867-4763 


Mycrosystems Marketing !nc. 
6610 Harwin Avenue, Suite 125 
Houston 77036 

Tel: (713) 783-2900 

Intel Corp.* 

2925 L.B.J. Freeway 

Suite 100 

Dallas 75234 

Tel: (214) 241-9521 

TWX: 910-860-5487 


VIRGINIA 


Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 

Tel: (804) 384-6920 


Glen White Associates 
Rt. #1, Box 322 
Colonial Beach 22443 
Tel: (804) 224-4871 


WASHINGTON 


E.S./Chase Co. 
P.O. Box 80903 
Seattle 98108 

Tel: (206) 762-4824 
Twx: 910-444-2298 


CANADA 


Intel Corp. 

70 Chamberlain Ave. 
Ottawa, Ontario KiS 1V9 
Tel: (613) 232-8576 
TELEX: 053-4419 
Multitek, Inc.* 

4 Barran Street 

Ottawa, Ontario K2J 1G2 
Tel: (613) 825-4553 
TELEX: 053-4585 


GERMANY 

Intel Semiconductor GmbH* 
Seidistrasse 27 

8000 Muenchen 2 

Tel: (089) 55 81 41 

TELEX: 523 177 


Intel Semiconductor GmbH 
Abraham Lincoin Strasse 30 
6200 Wiesbaden 1 

Tel: (06121) 74855 

TELEX: 04186183 

Intel Semiconductor GmbH 
Ernsthaldenstrasse 17 
D-7000 Stuttgart 80 

Tel: (0711) 7351506 
TELEX: 7255346 


Intel Semiconductor GmbH 
Wiesenweg 26 

D-6272 Niederhausen 

Tel: (06127) 2314 


SPAIN 

Interface 

Ronda San Pedro 22 
Barcelona 10 

Tel: 301 78 51 


SWEDEN 

Nordisk Electronik AB 
Fack 

S-10380 Stockholm 7 
Tel: (08) 248340 
TELEX: 10547 
SWITZERLAND 
Industrade AG 
Gemsenstrasse 2 
Postcheck 80 - 21190 
CH-8021 Zurich 

Tel: (01) 60 22 30 
TELEX: 56788 


—~ Rapid Recall, Ltd. 


11-15 Betterton Street 
_Drury Lane 

London WC2H 9BS 

Tel: (01) 379-6741 

TELEX: 28752 


G.E.C. Semiconductors Ltd. 
East Lane 
Wembley HAS 7PP 
Middlesex 

Tel: (01) 904-9303 
TELEX: 923429 
Jermyn Industries 
Vestry Estate 
Sevenoaks, Kent. 
Tel: (0732) 50144 
TELEX: 95142 


*Field Application Location 
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intel 


3065 Bowers Avenue 

Santa Clara, California 95051 
Tei: (408) 987-8080*~ 

TWX: 910-338-0026 

TELEX: 34-6372 * 
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U.S. AND CANADIAN DISTRIBUTORS ‘ é = 
re 
ALABAMA GEORGIA (cont.) NEW JERSEY (cont.) PENNSYLVANIA (cont.) a ; 
+*Hamilton/Avnet Electronics +*Hamilton/Avnet Electronics Cramer/New Jersey Pioneer/ Pittsburgh : ; ' 
805 Oser Drive NW 6700 ! 85, Access Road, #11 1 Cardinal Drive 560 Alpha Drive 4 ” \ 
Huntsville 35805 Norcross 30071 Littie Falis 07424 Pittsburgh 15238 a ae 
Tel: (205) 533-1170 Tel: (404) 448-0800 fel: (201) 785-4306 Tel: (412) 782-2300 APN ey : 
: tHarvey Electronics Pioneer/Deiaware Ma 
t 207 Putman Drive NW ILLINOIS : 389 Passaic Avenue 141 Gibraltar Road 2 * oe 
Huntsville 35805 *Cramer/Chicago Fairfield 07006 Horsham 19044 ras iy 2 
Tel: (205) 837-9300 1911 So. Busse Rd Tel: (201) 227-1262 Tel: (215) 674-4000 a : 
Mt. Prospect C0096 +*Hamilton/Avnet Electronics TWX. 510-065-6778 
ARIZONA Tei: (312) 593-8230 113 Gaither Drive s 
+* Hamilton/Avnet Electronics {*Hamilton/Avnet Electronics East Gate Industrial Park tonal ‘Soeciéliiie-tae 
8155 North 21st Street ee ane sik og 8339 Rurnett Road, Suite 101 
Phoenix 85021 Schiller Park 60176 Tel: (609) 234-2133 Pie 78758 ’ 
Tel: (602) 275-7851 ok oA eae TWX: 710-897-1405 lg 
Liberty/Arizona I Al be a NEW MEXICO z ; 
3130 N. 27th Avenue 1551 Carmen Drive _ +*Hamilton/Avnet Electronics ire mo : 
Phoenix 85017 ee ee 2524 Baylor Drive, S.E. wee 
Tel: (602) 257-1272 Tel: (312) 437- Albuquerque 87119 Tel 214) 661-9300 
TELEX: 910-951-4282 INDIANA Tel: (505) 765-1500 ng : 
‘ 7 *Hamiltor/4yvnet Electronics 
CALIFORNIA #Pioneer/Indiana NEW YORK 4445 Sigma Road 
a 6408 Castleplace Drive ;Cramer/Rochester Dallas 75240 
t*Avnet Electronics indianapolis 46250 3000 Winton Road South Tel: (214) 661-8661 
350 McCormick Avenue Tel: (317) 849-7300 Rochester 14623 a : : 
el: (317) +*Hamilton/Avnet Electronics 
Costa Mesa 92626 Sheridan Sales Te}: (716) 275-0300 3639 Ann Arbor 
Tel: (714) 754-6111 8790 Purdue Road +*Hamilton/Avnet Electronics Houstun 77062 
Tel: (213) 558-2345 indianapolis 46268 167 Clay Road Tel: (713) 780-1771 
+*Hamilton/Avnet Electronics Tel: (317) 297-3146 Rochester 14623 1Gosuonant fabieiiia. ine 
575 E. Middlefield Road Tel: (716) 44227820 10907 Shady Trail, Suite 101" 
Mountaiir View.94040 KANSAS Cramer/Syracuse ames rr ' ss 
Tel: (415) 961-8600 +*Hamilton/Avnet Electronics 6716 Joy Road Tel: (214) 357-6511 5 
+*Hamilton/Avnet Electronics 37 Lenexa a on East Syracuse 13057 . j Compoeeht Specialties; Inc 
8917 Complex Drive 9900 Pflumm Road + ~ 5..4315) 437-6671 : Inc. 
San Diego 92123 Lenexa 66215 +*Hamilton/Avnet Electronics —_ * STs Park Drive, Suite 590 
Tel: (714) 279-2421 Tel: (913) 888-8900 6500 Joy Road Tel: (713) 71-7237 
+*Hamilton Electro Saies MARYLAND E. Syracuse 13057 : 
10912 W. Washington Boulevard : é Jia Tel: (315) 437-2641 UTAH 
Culver City 90230 tHamilton pe! a +Cramer/Long Island +*Hamilton/Avnet Electronics 
Tel: (213) 558-2121 soe ovat 'rpor 129 Oser Avenue 1585 West 2100 South 
+Cramer/San Francisco — Hauppauge, L.|. 11787 Salt Lake City, 84119 
720 Palomar Avenue regia ee ya Tel: (516) 231-5600 Tel: (801) 972-2800 
Sunnyvale 94086 J21 Industria TWX: 510-227-9863 
Tel: (408) 739-3011 Gaithersburg 20760 +*Hamilton/Avnet Electronics eee ; 
Te!: (301) 948-0110 / +*Hamilton/Avnet Electronics 
Cramer/Los Angeles chi: 70 State Street 13407 Northrup Way 
17201 Daimler Street i*Hamilton Avnet Westbury, L.|. 11590 Bellevue 98005 
Irvine 92714 7235 Standara urive Tel: (516) 333-5800 Tel: (206) 746-8750 : 
Tel: (714) 979-3000 Hanover 21076 TWX:.510-222-8237 ’ 3 
; : Tal: (301) 796-5000 , . +Almac/Stroum Electronics 
tLiberty Electronics se : | darvey Electronics 811 Sixth Ave. South 
124 Maryland Street #Pionees, Washington 60 Crossways Park Wes? Seattle 98108 
El Segundo 90245 $100 Gaither al Woodbury 11797 Tel: (206) 763-2300 
Tel: (213) 322-8100 rg an Tel: (516) 921-8700 sLiherigepaneaes 
Lig Aedsin <a 48 TWX: 710-828-0545 NORTH CAROLINA 1750 132nd Avenue NE 
i . i +Cramer Electronics Bellevue 98005 
9 A a MASSACHU: 7 fS 938 Burke Street Tel: (206) 763-8200 
6 ercury Gour ; Electronics Inc. Winston-Salem 27102 
San Diego 92111 ee soa Tel: (919) 725-8711 WISCONSIN 
Tel: (714) 565-9171 Newton 02159 Pioneer/Carolina t* Hamilton/Avnet 
TELEX: 910-335-1590 Tel: (€17) 969-7700 2906 Baltic Avenuc “an pig 9 
{Elmar Electonics +*Hamilton/Avnet Electronics Greensboro 27406 sow none ea 
2288 Charleston Road 100 E. Commerce Way Tel: (919) 273-4441 Fel: (414) 84 
Mountain View 94040 Woburn 01801 TWX: 510-925-1114 
Tel: (415) 961-3611 Tel: (617) 933-8000 Hamilton/Avnet Electronics, Inc. 
TELEX: 910-379-6437 2803 !ndustrial Drive 
diate MICHIGAN Raleigh 27609 CANADA 
+Sheridan Sales Co. Tel: (919) 829-8030 ALBERTA 
a dso 24543 Indoplex — OHIO +L. A. Varah Ltd 
6777 E. 50th Avenue Farmington Hills 48024 : 29 : ; 
Commerce City °°222 Tel: (313) 477-3800 Sean, SE ect Calnary TG 
Tel: (908) 267-8087 +Pioneer/Michigan Dayton 45414 Tel: (403) 276-8818 
TWX: 910-936-0770 13485 Stamford pa Cieval Telex: 13 825 89 77 
+*Hamilton/Avnet Electronics Livonia 48150 firanter/ Cleveland 
5921 No. Broadway Tel: (313) 525-1800 aoe Narper Road BRITISH COLUMBIA 
Denver 80216 *Hamilton/Avnet Electronics ote adj rE varen tee 
Tel: (303) 545-1212 alee? apimnaleren Fouad Tel: (216) 248-8400 2077 Alberta Street 
Liv ania 48150 **Hamilton/Avnet Electronics Vancouver V5Y 1C4 
CONNECTICUT Tel. (313) 522-4700 ‘cae TWX: 610-029-1068 
#Cramer/Connecticut TY) 810-242-8775 Tel: (643)'435-0810 Telex: 04 53167 
35 Douce Avenue : a ( vA vs — 
North Haven 06473 Mo wESOTA TWA: BIO SOAS ONTARIO a 
Tel: (203) 239-5641 tindustrial Components ee ae LA; Varah: ite 
+*Hamilton/Avnet Electonics 5260: West 74th Street wes ae 505 Kenora Avenue 
643 Danbury Road gw eigen Tel: (313) 236-9900 Hamilton L8E-3P2 
Georgetown 06829 el: (012) 631- wes Tel: (416) 541-9311 
Tel: (203) 75.0361 +Cramer/Sonn t Sheridan Sales Co. TELEX: 061-8349 
Harvey Electronics a — neat iin wearer gg 7*Hamilton/Avnet Electronics 
112 Main Street re Tel: (513) 761-5432 3688 Nashua Drive, Unit GH 
Norwaticeaes Tel: (612) 835-7811 Fak ( sone Persea nea 
Tel: (203) 853-1515 +*Hamilton/Avnet Electronics Ae 0-461-2670 Tel: (416) trace 
7683 Washington Avenue So. +Pioneer/Cleveland TWX: 610-492-8867 
eapananete: Ate eae on . eon som +*Hamilton Avnet Electronics 
Cramer/E.W. Hollywood arn ct Ton ne 587-3600 1735 Gourtwood Cresc. 
4035 No. 29th Avenue MISSOURI tt ees Ottawa K2C 3J2 
Hollywood 33020 +*Hamilton/Avnet Electronics Tel: (613) 226-1700 
Tel: (305) 921-7878 +*Hamilion/Avnet Electronics 761 Beta Drive, Suite E TWX: 610 562-1996 
+*Hamilton/Avnet Electronics re w esate ea ar ng mot +Zentronics 
6800 Northwest 20th Ave. Tel: (314) 731-1144 pr 141 Catherine Street 
Ft. Lauderdale 33309 Bit {Sie ean Saaee Oo. Ottawa, Ontario K2P 103 
Tel: (305) 971-2900 Sheridan Sales 23224 Commerce Park Road Tel: (613) 238-6411 
Cramer/EW Orlando 110'S. Hwy. 67, Suite 10 Bouctaee tice / i 
345 No. Graham Ave. Fiorissant 63031 Tel: (216) 831-0130 Seoerorics 6 
Orlando 32814 oer ae OKLAHOMA Downsview, Ontario MSN 1W8 
Tel: (305) 894-1511 NEW JERSEY +Components Specialties, Inc. Tei: (416) 635-2822 
Pioneer C satis Lived 7920 E. 40th Street Telex: 02-021694 
6220 S. Orange Blossom Trail ramer/Pennsylvania, Inc. Tulsa 74145 
Suite 412 12 Springdale Road Tel: (918) 664-2820 QUEBEC 
Orlando 32809 Cherry Hill Industrial Center OREGON *+*Hamilton/Avnet Electronics 
Tel: (305) 859-3600 Cherry Hill 08034 2670 Paulus 
Tel: (609) 424-5993 tAlmac/Stroum Electronics St. Laurent H4S 1G2 
GEORGIA TWX: 710-896-0908 4475 SW. Scholls Ferry Rd. Tel: (514) 331-6443 
+Cramer +*Hamilton/Avnet Electronics Portland 97225 TWX: 610-421-3731 
6456 Warren Drive 218 Littie Falls Road Tel: (503) 292-3534 +Zentronics 
Norcross 30071 Cedar Grove 07009 PENNSY:VaNiA 8146 Montview Road 
Tel: (404) 448-9050 Tel: (201) 239-0800 neiilan Sales Co Town of Mount Royal, Montreal 
TWX: 710-994-5787 Sui Quebec H4P 2L7 
1717 Penn Avenue, Suite 5009 ue 
**Note New Telephone Number Pittsburgh 15221 Tel: (514) 735-5361 
4 x Tel: (412) 244-1640 Telex: 05-827535 
+Microcomputer System: Technical Demonstrator Centers 
“Microcomputer System Spares Order Point 
INTEL CORPORATION, 3065 Bowers Avenue, Santa Clara, CA 95051 (408) 987-8080 . 
Printed in U.S.A./CII7/0278/95K CP % , 
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U.S. AND CANADIAN DISTRIBUTORS 


